WATER BUDGET ANALY SIS FOR CHEYENNE RIVER AT EDGEMONT TO CHEY ENNE
RIVER AT BUFFALO GAPWITH AND WITHOUT ANGOSTURA RESERVOIR
in Cooperation with the USGS in Rapid City, SD

INTRODUCTION

Evaluating thevariousproposed al ternativesfor future operating scenarioshasrequired that methods
be devel oped for making flow projections downstream from Angostura Reservoir. Because of this
need, detailed water budgets were developed for various reaches of the Cheyenne River, both
upstream and downstream from Angostura Reservoir. All water budgets are derived from the
genera water-balance equation, which states that the sum of inflows to awater body or river reach
must equal the sum of outflows and withdrawals, plus or minus any changes in storage.

Although the general method for development of water budgets is quite simple, accurate budgets
depend on the availability of adequate hydrologic information. A relatively large number of USGS
streamflow gages have been operated in the study area and additional information also is available
from Reclamation's Hydromet data sets, as shown in table 3.1. Hydromet data generally are
availablefor 1953-97; however, USGS data sets cover awide variety of periods of record. Thus, it
was necessary to use various periods of record in developing water budgets; however, no budgets
were developed prior to 1955, when the Angostura Irrigation unit became fully operational.

Two distinctly different categories of streams contribute to flow of the Cheyenne River in the
vicinity of Angostura Reservoir. Most of the drainage area of the Cheyenne River upstream from
Angostura Reservoir consists of prairie grasslands situated in relatively low permeability materials
such as clays or shales. Streamflow from these areas generally isintermittent and highly variable
(Miller and Driscoll, 1998). Extended periods of zero-flow conditions are common during periods
of dry climatic conditions. Incontrast, several streamsoriginating withinthe Black Hillsarea, which
is north of the Cheyenne River, have very steady flow characteristics because of large artesian

springs.
WATER BUDGETING FOR REACHES UPSTREAM FROM ANGOSTURA RESERVOIR

Water-budget methods were used to analyze flows upstream from Angostura Reservoir. Aninitial
need wasto devel op methodsfor estimating evapotranspiration (ET) along the aluvial bottomlands
adjacent to the Cheyenne River and inflowsfrom ungaged tributary areas. To meet thisneed, flows
were analyzed between USGS gaging stations 06395000, Cheyenne River at Edgemont and
06400500, Cheyenne River near Hot Springs, for water year (WY) 1955-72, which is the entire
period of record available for the downstream gage (table 3.1). Two other USGS gages have been
operated within this reach, which increases in area by 1,567 square miles. Station 06400000, Hat
Creek near Edgemont (drainage area 1,044 square miles), had continuous record for this period.
Station 06400497, Cascade Springs near Hot Springs (drainage area 0.47 square miles), was not
operated during this period; however, the flow of thislarge spring is very steady (Appendix C) and
can be estimated with reasonabl e accuracy.

Assuming that runoff from the ungaged area (522.5 square miles) is proportional to that of Hat
Creek, total runoff between thetwo main-stem gages can be estimated asflow from Cascade Springs
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(which averaged 19.5 cfsfor WY 1977-95) plus 1.5 timesrunoff from Hat Creek. Thus, ET within
the reach can be calculated as station 06400500 (near Hot Springs) minus 06395000 (Edgemont)
minus 1.5 times 06400000 (Hat Creek) minus 19.5 (Cascade Springs). The resulting monthly ET
values(table 1) generally show alot of scatter for monthswith large runoff; however, valuesfor low-
flow months are much more consistent. Median values exhibit a pattern that is consistent with pan
evaporation ratesfor thearea. The median values are smoothed to devel op estimates of average ET
for May through October (table 1), which are the months in which substantial ET typically would
occur. The resulting estimates are consistent with estimates that were developed for reservoir
evaporation (table 3.2). The annual average for the smoothed monthly valuesis 4 cfs.

Examination of low-flow valuesfor the stations considered (Appendix C) provides confidence that
the ET estimatesarereasonable. During extremely low-flow periods, virtually all of theflow within
thisreach of the Cheyenne River originatesfrom Cascade Springs. Thisflow may bereduced by ET
during the growing season; however, little reduction would occur during the colder months.
Examination of records for station 06405000 (near Hot Springs) indicates that during November
through April, very few months have occurred with flow less than about 20 cfs. For July through
October, when larger ET occurs, flows ranging from 10 to 20 cfsare fairly common. This provides
good evidence that ET estimates are reasonable.

Theestimated ET rates were used to develop awater budget for Angostura Reservoir and that reach
of the Cheyenne River extending upstream to gaging station 06395000 (Edgemont). This water
budget, which is shown in figure 1, is based on a combination of USGS streamflow data,
Reclamation Hydromet data, and estimated values. The period of record used is WY 1984-97
because streamflow data are available for most of this period for three major tributariesto the reach
(Hat Creek, Cascade Springs, and Horsehead Creek). During 1984-97, Hydromet data show that
inflowsto the reservoir averaged about 119 cfs, of which 2 cfswasretained asincreased storage, 10
cfs was lost to evaporation and seepage, and 107 cfs was released from the reservoir. Releases
consisted of diversionsto theirrigation canal of 50 cfsand releasesto the Cheyenne River of 57 cfs.
Inflows from measured sources upstream from the reservoir accounted for 111 cfs. Using estimated
ET of 4 cfsfor the reach, inflows from ungaged areas of about 726 square milesin the reach are
calculated as 12 cfs. By comparison, Hat Creek yielded an average of 15 cfs from 1,044 square
miles. Thisinformation was used to develop amethod for estimating flow from ungaged areas near
AngosturaReservoir, based on flow in Hat Creek, which hasalong period of record. In subsequent
water budgets, ungaged flow is estimated as 1.16 times the flow of Hat Creek timestheratio of the
ungaged area to the area of Hat Creek.
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Table 1: Calculated values of monthly evapotranspiration, in cfs, from Cheyenne River bottomlands
between Edgemont and Angostura Reservoir -------

Estimated ET in reach between Cheyenne River af Edgemont and Hot Springs
Estimated ET = Edgernont + 1 5{Hat Cr)+19 B-Hot Springs
Year  Qct Nov  Dec Jan  Feb Mach  Apil  May June  Juy  Aug  Sept  Mean
%1 -13% 120 800 287 <13 1867 488 80 -2920 1170 4630 6825 1852
%2 399 860 481 261 1262 473 1000 6976 1000 -4b0b 634 Hh4 263
1%3 160 0b4 180 173 (1371 B920 297 B10b 170 1250 D20 -394 718
%4 439 009 046 192 1030 429 2% 3% 169 1207 1489 592 070
195 086 077 144 082 359 608b 16435 2660 3820 -420 2470 2605 1080
19%6 614 -227 680 -4b4 2411 70 482 330 746 2060 1186 320 897
%7  bB6 1082 222 114 1664 1481 935 4806 478 2660 883 1087 1679
1% 026 276 083 113 067 220 1070 916 1890 504b  H6SH b4 299
%9 416 179 123 389 112 3820 061 1704 276 1830 117 1022 1082
1960 442 206 084 018 361 % 06 127 1678 1393 880 R0 690
1961 -180 016 339 -180 3B6 126 -284 666 430 1159 2733 445 540
1962 290 618 013 004 618 13 028 41106 388 716D 2676 223 3263
1963 976 -b19 031 513 1360 1670 1098 2Bh0 B0 1306 4b1 2006 1147
1964 282 421 280 079 -66b 821 36% 067 b4Rh  11hT 433 241 626
1965 2200 279 170 249 313 2168 2047 2930 080 3060 886 846 289
1966 -101 008 091 -169 093 4836 320 340 749 2706 446 187 69
1967 481 -be6 017 3b4 1870 -368h2 1460 3060 67320 3970 -840 021 2406
1968  b8& 870 647 301 1040 b02 T BB20 21376 6320 234 1042 4678
1969 684 0% 378 242 306 B30 902 96 5768 6360 015 669 228
1970 699 196 -85  b26 3607 -2609 108 307 40 109 549 891 24D
191 030 089 L1606 2836 -3869 2929 30210 2080 17 1148 220 1933
1972 136 -389 -207 341 6499 21826 1330  8hb 8989 433 1290 311 -19.28

Medan 082 -083 024 187 480 178 -2Bb 1340 1784 1166 448 b4§ b1

Smooth
Estimate 400 000 000 000 000 000 000 400 800 1200 1200 800 400
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Figure 1: Water Budget for Angostura Reservoir and Upstream Reaches
(1984-97 Period of Record)

S — Cheyenne River at Edgemont 69 cfs

Hat Creek nr Edgemont 15 cfs ----- >

S — Inflows from ungaged areas 12 cfs

|
|
|
|
| <----- Cascade Springs nr Hot Springs 20 cfs
|
|
|

| ------ >Evapotranspiration from river bottom 4 cfs

Horsehead Creek 7 cfs -------------- > | <----- Estimated Total Inflow to Angostura Reservoir 119 cfs
[\ 69+15+20+12+7-4=119 cfs
/[ \--->Averageincreasein storage 2 cfs
/ \ -->Evaporation and seepage from reservoir 10 cfs
/ \
/ \ 119-2-10=107 cfs
/

|
Canal Release 50 cfs --------- >/ | <----- River Release 57 cfs
| Total Reservoir Release 50+57 = 107 cfs
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WATER BUDGETING FOR REACHES DOWNSTREAM FROM ANGOSTURA RESERVOIR

V arious water-budgets methods al so were used to analyze flows downstream from Angostura Reservair.
One need wasto estimate return flowsfrom the Angosturalrrigation Unit to the Cheyenne River. Another
need was to develop methods for making flow projectionsfor usein evaluating proposed alternatives for
future operating scenarios.

Figure 2 shows awater budget for WY 1969-80 between Angostura Reservoir and USGS gaging station
06402600, Cheyenne River near Buffalo Gap. Inflowsto thereach of river downstream from thereservoir
include average rel eases of 49 cfs and measured tributary inflows of 22 and 7 cfs, respectively, from Fall
River and Beaver Creek. Inflowsfrom ungaged tributary areas of 443 square miles are estimated as4 cfs,
based on 1.16 times443/1,044 (drainage arearatio) times 8.8 (averageflow of Hat Creek during WY 1969-
80). Return flows from irrigated areas along Beaver Creek are estimated as 2 cfs and return flows from
the Angostura Irrigation Unit are estimated as 33 cfs. Outflows include flow of about 113 cfs at the
downstream end of the reach and estimated ET of 4 cfs, whichisbased onthe same ET estimatesthat were
developed for the reach upstream from the reservair.

Figure 2: Water Budget for Angostura Reservoir and Downstream Reaches
(1969-80 Period of Record)

| <-----Estimated Total Inflow to Angostura Reservoir 117 cfs

/[ \<---Average release from storage 3 cfs
/ \ -->Evaporation and seepage from reservoir 10 cfs

/ \ 117+3-10=110 cfs

T — River Release 49 cfs
Total Reservoir Release 61+49 = 110 cfs

S Fall River at Hot Springs 22 cfs

S Beaver Creek nr Buffalo Gap 7 cfs
o Beaver Creek return flow 2 cfs
<-----Inflows from ungaged areas 4 cfs

| ----- >Evapotranspiration from river bottom 4 cfs

|
| <----- Cheyenne R. Nr Buffalo Gap 113 cfs
| 49+22+7+2+33+4-4=113cfs

|
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The estimated return flows of 33 cfsfrom the Angostura lrrigation Unit represent about 54 percent of the
canal releases of 61 cfs that occurred during WY 1969-80. Consumptive use is estimated as 28 cfs, or
about 46 percent of the canal releases. Following is a detailed description of how the return flows were
estimated.

Return flowswerefirst calculated on amonthly basisfor WY 1969-80, using monthly datafor the inflows
and outflows downstream from the reservoir that areidentified in figure 2. Calculated monthly valuesfor
return flows are shown in table 2. The calculated values are remarkably consistent, with a very limited
number of values that deviate from the means or medians for any given month by more than about 20
percent. Most values that deviate substantially are either during winter months, when effects from ice
formation can occur, or associated with high-flow events, when measurement accuracy can be relatively
poor. The most notable exampleis for WY 1978, when extremely large flows occurred during May and
subsequent months. The large negative value for May can only be attributed to measurement error.
Becauseof thislargeapparent error, theannual meanfor WY 1978 for station 06402600 (near Buffalo Gap)
was adjusted for use in water budgets. This adjustment is described later, in more detail.

The median values are sel ected as being most representative of typical return flows, because one or more
anomalous val ues, such as May through August of 1978, do not affect the medians as much as the means.
Thus, annual return flows from the Angosturalrrigation Unit are estimated as 33 cfs, with monthly values
distributed as shown by themediansin table 2. Thelargest return flowsgenerally occur in August through
October and the smallest return flows occur during January through April or May.
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Table 2: Calculated monthly return flows, in cfs, from Angostura Irrigation Unit to Cheyenne River

# 06402600

# Chevenne River near Buffalo Gap minus Buffalo Gap inand out
Year  Oct Moy Dec Jan  Feb March  Aprl  May June  July  Aug  Sept Mean
1969 3770 3306 2429 989 2426 1976 1846 2727 3071 15091 4359 B730 3977
1970 4282 3376 4414 4037 4388 2940 4067 3022 3617 4019 5243 B2T1 40k
1971 b282 35104 2102 19718 4324 3291 3661 -1153 bG46 3318 4648 6387 3bdb
1972 4769 3486 3260 2064 2279 1737 2841 4089 9443 3097 66560 bB8EG 4207
1973 4081 38b3 3219 3174 3097 2398 1290 2071 3678 4876 3800 6672 3513
1974 4537 bBHO7 683 807 3VBY 4737 2503 3717 2678 26BZ 4715 454§ 327
1975 4060 3783 26594 2798 2667 3320 220b 384b 4075 2319 3108 3361 318b
1976 4333 3603 3064 1020 2283 2439 3291 2482 1332 1818 4749 3680 282%
1977 4033 3301 3484 2807 3273 2701 3008 2680 1239 GGSE 2926 4908 3337
1978 4784 3426 -010 bB18 2014 666 150b-b406BY BbH7T2 6407 -1946 4327 427
1979 3820 4469 3740 2048 27b6 4382 -282 37Z2h 41568 48H1 3830 3940 3454
1980 4074 3976 3809 2b7b -1490 2576 -bd42 3067 4200 1313 3920 490 227

Mean 4321 37b0 2742 1923 2648 2334 2117 -1984 3131 3b86 3834 4960 278
Median 4182 3479 3141 2066 2711 2670 23b9 287b 35648 36h8 4140 4907 331
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FLOW PROJECTIONS FOR REACHES DOWNSTREAM FROM ANGOSTURA RESERVOIR

The water budget that was developed for the reach downstream from Angostura Reservoir was used to
develop a model for making flow projections for this reach. Input for this model consists of monthly
values from various Hydromet data sets, USGS streamflow gages, and estimated valuesfor ET, ungaged
inflows, and returnflows. Hydromet datafor reservoir inflowswere used astheinput for the upstream end
of thereach. This data set was modified to eliminate small negative values by establishing a"minimum
allowable inflow" for each month equal to the minimum monthly values recorded for gaging station
06400500, Cheyenne River near Hot Springs, during the period of record from WY 1944-72. The
minimum values range from about 10 to 20 cfs for most months, which realistically reflect minimum
inflows from Cascade Springs, which are subject to reductions by ET during dry months. Releasesto the
river were calculated by adjusting inflows for changes in storage, evaporation from the reservoir and
releases to the canal. This method makes the model applicable for projecting downstream flows under
other proposed operating alternatives. Inflows to the reach downstream from Angostura Reservoir
included measured values for tributary inflows from Fall River and Beaver Creek, as well as estimated
inflows from ungaged areas, based on measured flows of Hat Creek. Inflows aso included the monthly
estimated values for return flows from the Angostura Irrigation Unit and estimated return flows of 2 cfs
from irrigation areas along Beaver Creek. The only outflowsincluded in the model are estimated values
for ET along the river bottom, which are the "smoothed estimates' that were presented in table 1. Data
setsthat were used for modeling, aswell asvariousoutput that wasgenerated, isincluded in Appendix X X.

The model was calibrated by projecting flows for station 06402600, Cheyenne River near Buffalo Gap,
for WY 1969-80, as shown in table 3. This table includes statistics for WY 1955-97, which corresponds
to the period of reservoir operation, and for WY 1969-80, which isthe period of record for the streamflow
gage near Buffalo Gap. Comparison of the projected flows and statistics for WY 1969-80, with historic
flows and statistics for the streamflow gage (Appendix C) indicates that the model does an excellent job
of projecting flows under the current operating scenario. The predicted annual mean for WY 1978 is 316
cfs, which is much larger than the historic mean of 243 cfs (Appendix C). The predicted value is much
more realistic than the historic value, because of alarge discrepancy in historic flow datafor May, 1978,
for stations 06401500 and 06402600, which isattributed to high-flow measurement inaccuracy. Thus, the
projected value was used to derive an adjusted mean flow for WY 1969-80 of 113 cfsfor station 06402600
(figure 2).

A graphical comparison of historic flows and projected flows for the Cheyenne River near Buffalo Gap
ispresentedinfigure 3, whichincludes six graphs depicting means; maximum values; 75th, 50th, and 25th
percentiles; and minimum values. These graphs indicate that projected monthly values are very similar
to historic values. Thelargest discrepancy isin projecting minimum monthly values. Historic minimum
values for severa months are substantially lower than projected minimum values. Historic minimum
valuesfor December and January probably arearesult of iceformation within theriver channel, which can
not be predicted using water-budget methods. Differences between historic flowsand projected flowsare
relatively minor for the 25th percentile and all other categories. This provides confidence that flows can
be projected with reasonable accuracy.
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Table3: Projected monthly flows, in cfs, for USGS gaging station 06402600, Cheyenne River near Buffalo Gap, for current operating scenario

Chewanne R ot Buffal Gap sith Ressrsor [Buff In and Out plus Returm Fos ]
ear it My Lac Jdan Febh  March Apeil May  Juns Juiby Aug Sept  Mean
1566 a1 BE.7 0 EG 9 631 13 Adle  3esl VeI 126 186E 16BR 1480
1856 12435 153.2 1681 2 1435 1574 185.2 1402 1487 1024 o 806 F ] 1295
18657 G633 B B G671 BS.2 647 20 7 TED S E3d 1 =i N 571 T34 1.7
1665 T3 ET T4 NEE 1245 12490 48 B&.7 693 3530 #H|IT ni 13k

1969 1288 1174 1266 1119 1206 717 BE0  BA0 663 713 B4 ET4 Ba3
1960 BBG  TID  6B6  BE1 648  73F  BEY B34 642 491 GEZ M0 617
1861 BDE EAT BT 7 ET.7 6248 === BO3 E149 63.7 B34 54 B BT 1 896
1962 Bd4 676 BTO BG5S 660 BA6  BDA  AB8E 20858 13151 1004 BE3  4TE6
1865 TzZe T30 g&.1 = =R 158 === 1281 1231 s EZ 9 SEE ira 1334
1964 61 747 BT2 GGl B9 BOE  B43 GGG 1960 G626 544  ETO 746
1866 GEQ T1E BT 2 ES.0 647 E1 6 7.0 146 3 =2 b ] 2246 86 737 161.E
1966 76 720 EEI ETE  BE3 2210 1642 B43 BT 647 792 731 BEE
1857 4163 B33 673 =T | 65.7 2524 1361 1m0 2821.7 2084 541 T Sd47.4
168 TS T T K97 699 BB 1207 7T 4804 1061 724 T3 1122
69 TI0 0 882 627 B6Z2 648 888 TA  B31 686 THXO0  BAZ  BBO 1234
1970 744  EBD @47  BIE B0 BB BD7 B89 ERE 479 532 722 60B
1571 Tz £G4 6310 5.3 6548 E3.2 615 14433 10455 550 812 G2 28001
a7z 714 T3z TZ23 EE.0 B35 E5 & 638 E5 7T 128 B3I 530 BE S 831
197%  BBO 865 BBA  B48  BB2 732 847 1794 B0E  BOE 837 7T T4E
1974 0] BAB  B47  1ZT0 49 1134 1988 B0S  68% 470  GIE  E3E 9a4
1976 G465 666 627  B42 609  B99 BE3  G0S B84 622 BEE 730 606
1976 623 E3. T 633 E4.E 624 Bl & 549 B2 & T22 E10 802 GE& &1.4
1977 8BS 850  ABO0 B8 B93 BT BBO B8  BES 408  SA1 BB4 892
187E a3 T4 6E2 == N | 614 1233 541 247856 898 2455 2008 =2 3162
W TRz 617 BTY BGH 633 2445 279 Bt B35 B1F 745 702 904
12aE0 EQ7 EEE BE2 ETE 1767 2130 1308 487 60& 44 2 Bl 4 Ed0 BET
s@l BT 699 G645 EIE B9  BAl 471 B20  GIE 493 60E 747 G4E
1gaz [=1=R B2 6510 E3g 614 = 522 o5 2 4325 o et a0E Tah @90
WEE 780 695 76T BOG 1023 1495 1208 1768 TI&  B0E 625 B3O 9@
1984 BB2 898 620 EEB 640 1462 1974 A798 474 B2E 603 738 1671
1986 731 T2@ 673 EIE 614 EBIB  GI0 491  BEZ 469 GGE 733 60
1836 Tza B30 BE3 =T | 64 108.5 1941 206 TaES 1158 566 747 1471
1887 10z7 104.6 1152 T 1087 B16.0 B39 1499 14&.1 =y S6.0 T 153.0
WEE 78S TB BB3 BA1 644 B30 B14 BEE 626 481 SES 728 614
1989 04 02 667 BG4 BB BO7 K42 B4l B72  EDE  B4E 07 606
10 676 TG GES  BI0 666 B34 BI8  BTT 681  BI6 626 722 B4R
12491 T T1E 4.1 = =8 BE & E3E BED 9124 18361 EZ T 586 TOE 2826
1992 T4 892 GBS BBT 622  BO4  GTH  B04 604 BGO  541 723 616
1695 01 A0 847 B2 BOE 1520 1368 2304 5307 1953 AS4  TET 1244
1994 944 0 961 B4T7 628 GTTZ 980 860 607 BI&  5T6 744 1274
1296 T1.1 TOE 692 EQ.2 TOA E2 6 T21 1030 4471 B33 679 TE1 104.9
1996 794 739 695 E3Z 636 BIE  TD8 4376 #A6E 642 663 B43 118D
1837 ad.7 BB =5 - sa64d =0 4363 4332 == [ = fi=5"] g2 2053
| 9FE-57 Pradhcted
Mean 829 THE 736 B3E 825 1B 1027 2681 66 1326 B 744 1288
Mo MBS 1E82 1812 1436 ZIE9  TH96 4369 24786 2963E 151 2577 1BBE  4THE
i 4B T28 6.4 531 G644 136 1302 1905 4398 j=rd =} [1=1 3 T4 1476
B T3 TO.0O BT2 == 647 E2E T0E Ti7 122 EZE 586 TZ23 290
5t BE6 671 661 B4T7 625 B17  B45 B39 B74  BDO  BE3Z  BRA 624
Min 606 637 6E7 BB B3 BA1 471 487  G0F 442 G512 E3E  GAE
STD B2E 184 195 211 46B  I6T1 761 4496 6190 2187 404 150 837
196560 Pradacied
Maan B95 674  BB5  B0S  SE8 1080 899 9825 1608 1358 &40 BOT 1124
M M4 TiZ 723 1ET0 E48 2446 2078 2a7ab 1ME8  TH20 2078 717 5162
Tk Ma 688 664 BG4 6E4 1172 862 B8 TR B68 G5 TZE 1008
B 6849 E6 6 G610 E4.8 G634 E3 5 g1.1 53 BES E12 546 GE G B1E
26 664 E6D B%8 E4% 617 BB BED  B11  G3E 493 527  BBA 613
Min 623 €37  B27  BIE 693 BT BSE 487  S08 442  S1Z  B3S  842
SO 82 27 26 20 G24  BOF G298 7877 2T65 1963 423 43 M5
196880 Historic
Maarn A 701 EI6  EAE 862 D06 &75 3537 1662 1251 66§ 703 107)
[LETH g3 Bl ird B3.= 3k A 2E2E 1903 19080 10690 =t ] 1468 ah 4 2825
o TE3 Tal TZ3 E3.3 TeAd 1165.8 438 a4 5 198 E49 g T4 102.2
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Figure 3. Graphical Comparison of Historic Flows and Projected Flows for USGS gaging station

06402600, Cheyenne River near Buffalo Gap
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Figure 3 Continued

Cheyenne River at Buffalo Gap
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OVERALL WATER BUDGET FOR CURRENT OPERATING SCENARIO

Figure4 showsan overall water budget for WY 1955-97 for AngosturaReservoir, including both upstream
and downstream reaches. Hydromet datafor reservoir inflows and outflows and USGS streamflow data,
when available, were used asthe primary basisfor the overall water budget. Other values were estimated
as necessary, or derived from previous water budgets.

Figure4: Overall Water Budget for Angostura Reservoir and Adjacent Reaches
(1955-97 Period of Record)

S S— Cheyenne River at Edgemont 83 cfs

Hat Creek nr Edgemont 16 cfs ----- >

S Cascade Springs nr Hot Springs 20 cfs

| ------ >Evapotranspiration from river bottom 4 cfs

I
Inflows from Horsehead Creek |
and ungaged areas 12 cfs ---------- > | <----- Estimated Total Inflow to Angostura Reservoir 127 cfs
/\ 83+16+20+12-4=127 cfs
! \-->Averageincrease in storage 1 cfs
/ \ -->Evaporation and seepage from reservoir 10 cfs
/ \
/ \ 127-1-10=116 cfs
/
Canal Release 56 cfs --------- >/ <----- River Release 60 cfs

Total Reservoir Release 56+60 = 116 cfs

/ <----- Beaver Creek nr Buffalo Gap 7 cfs
/ S Beaver Creek return flow 2 cfs

I
I
I
I
/ | <----- Fall River at Hot Springs 23 cfs
I
I
I

<-----Inflows from ungaged areas 8 cfs

| ----- >Evapotranspiration from river bottom 4 cfs

I

| <----- Cheyenne R. Nr Buffalo Gap 126 cfs
| 60+23+7+2+30+8-4=126cfs
|
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Total inflows to Angostura Reservoir during WY 1955-97 were about 127 cfs. During this period,
measured flows of the Cheyenne River averaged 83 cfs and 16 cfswas contributed by Hat Creek. Inflow
from Cascade Springs is estimated as 20 cfs. ET along the river bottom between Edgemont and the
reservoir is estimated as 4 cfs. Thus, inflows from Horsehead Creek (which only has streamflow records
for WY 1984-97) and other ungaged areas in the reach, are estimated as 12 cfs.

Within the reservair, storage increased by an average of 1 cfs during WY 1955-97 and evaporation and
seepage from the reservoir is estimated as 10 cfs. Tota releases from the reservoir averaged 116 cfs, of
which 60 cfswas released to the river and 56 cfs was diverted to theirrigation canal. Return flowsto the
river are estimated as 54 percent of the canal diversion, or about 30 cfs and the remaining 26 cfsis
consumed as evapotranspiration within the irrigation unit. Measured inflows to the Cheyenne River
downstream from the reservoir include 23 cfsfrom Fall River and 7 cfsfrom Beaver Creek. Returnflows
from irrigated areas along Beaver Creek are estimated as 2 cfs and inflows from ungaged areas are
estimated as 8 cfs, based on the long-term flow records for Hat Creek. ET from the river bottom is
estimated as 4 cfs. Summing the inflows to the reach and subtracting estimated ET, a long-term flow
estimate of 126 cfsis derived for the Cheyenne River downstream from the Angostura Irrigation Unit.
This estimate appliesto the location of the USGS stream gage that was operated near Buffalo Gap during
WY 1969-80.

WATER BUDGET AND FLOW PROJECTIONS FOR PASS-THROUGH OPERATING SCENARIO

One alternative that has been identified for future operationsis that the reservoir would be operated as a
pass-through facility with the spillway gatesremoved or fully opened. Under thisscenario, thetypical pool
elevation would be near the bottom of the spillway gates, which are at elevation 3157.2 ft. Under this
scenario, the typical pool areawould be about 2,000 acres and annual evaporation (and seepage) from the
reservoir would be reduced from 10 to 5 cfs. Under this scenario, all flows would be passed through to
the river downstream and no water would be diverted to the irrigation canal. Thus, changesin reservoir
storage, consumptive uses, and return flowsfrom theirrigation unit would be eliminated. A water budget
based on these assumptions and using flow datafor WY 1955-97, is shown in figure 5. Thus, this water
budget isbased on the sameinflowsto thereservoir asthe overall water budget showninfigure4. For this
period, estimated flows downstream from the irrigation unit under the pass-through scenario would
increase by an average of about 32 cfs from the current operating scenario.
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Figure 5: Water Budget for Pass-Through Operating Scenarios
(Based on flow data for 1955-97)

P S— Cheyenne River at Edgemont 83 cfs

Hat Creek nr Edgemont 16 cfs ----- >

I
I
I
I
| <----- Cascade Springs nr Hot Springs 20 cfs
I
I
I

| ------ >Evapotranspiration from river bottom 4 cfs

I
Inflows from Horsehead Creek |
I

and ungaged areas 12 cfs ---------- > | <emme- Estimated Tota Inflow to Angostura Reservoir 127 cfs
/\ 83+16+20+12-4=127 cfs
[/  \<---Average changein storage O cfs
/ \ -->Evaporation and seepage from reservoir 5 cfs
/ \
/ \ 127-5=122 cfs

/

Canal Release 0O cfs --------- > <-mme- River Release 122 cfs

Total Reservoir Release = 122 cfs

S Fall River at Hot Springs 23 cfs

S — Beaver Creek nr Buffalo Gap 7 cfs
S Beaver Creek return flow 2 cfs
<-----Inflows from ungaged areas 8 cfs

| ----- >Evapotranspiration from river bottom 4 cfs

I

| <----- Cheyenne R. Nr Buffalo Gap 158 cfs
| 122+23+7+2+8-4=158 cfs
I
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Potential changes in the monthly distribution of flows under the pass-through scenario were examined
using the model that was developed for making flow projections downstream from Angostura Reservoir,
which was described in aprevious section. Projected flowsfor WY 1955-97 for gaging station 06402600,
Cheyenne River near Buffalo Gap, were presented in table 3. As discussed earlier, this model was
calibrated by comparing projections with historic flow data for WY 1969-80, with projected flows
corresponding very closely with historic flows (figure 3).

Projected flows under a pass-through operating scenario, for WY 1955-97, are presented in table 4, which
also includes "adjusted” summary statistics of projected flows for the current operating scenario. These
"adjusted" summary statisticswere derived by subtracting 3 cfsfrom the summary statisticsfor WY 1955-
97 that were presented in table 3. Thiswas done because all values in table 3 were based on calculated
return flows of 33 cfs for WY 1969-80, when canal releases averaged 61 cfs. During WY 1955-97,
however, cana releases averaged only 56 cfs and return flows were estimated as 30 cfs (figure 4).
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Table4: Projected monthly flows, in cfs, for USGS gaging station 06402600, Cheyenne River near Buffalo
Gap, for pass-through operating scenario, with comparison to statistics for current operating scenario
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A graphical comparison of projected flowsfor the Cheyenne River near Buffalo Gap, for the pass-through
and current operating scenarios during WY 1955-97, is presented in figure 6. This figure includes six
graphsdepicting means; maximum values; 75th, 50th, and 25th percentiles; and minimum values. Vaues
for the current operating scenario are taken from the adjusted summary statistics that were presented in
table 4. The annual mean for the pass-through scenario would be about 32-33 cfs larger than for the
current operating scenario (table4). Thisincrease would result primarily from reduced evaporation inthe
reservoir and elimination of consumptive use within the Angosturalrrigation Unit (figures4 and 5). The
monthly distribution of the increase would not be uniform, however (figure 6). For the months of
September through December, mean flows for the pass-through scenario would be smaller than for the
current operating scenario. Projected increasesduring February through July for the pass-through scenario
would be larger than the average increase (table 4).

The 75th percentiles portray moderately high-flow conditions, when there frequently would be storage
available (for the current operating scenario) to accommodate moderately high flows. Projected 75th
percentile flows for the pass-through scenario would be substantially larger during February through
August than for the current operating scenario. The 75th percentile values for September and October,
however, would be smaller for the pass-through scenario than for the current operating scenario.

The median (50th percentile) projected flows during March through June would be substantially larger for
the pass-through scenario than for the current operating scenario. For several months, projected median
flows would be quite similar for both scenarios; however, projected median flows for September and
October would be substantially smaller for the pass-through scenario than for the current operating
scenario.

The 25th percentiles, which portray moderately low-flow conditions, would be quite similar under both
scenarios, for much of theyear. For March, projected flowsfor the pass-through scenario would be larger
than for the current operating scenario. However, projected 25th percentile flows for August through
October would be substantially smaller for the pass-through scenario than for the current operating
scenario. Minimum projected flows would be quite ssimilar under both scenarios for December through
April; however, minimum flowsfor the remainder of the year would be substantially smaller for the pass-
through scenario than for the current operating scenario.

It should be noted that the flow projections for both scenarios are unable to portray the full range of
variability in minimum flow conditions that would actually occur. This is because the projections are
based on average monthly values for reservoir evaporation, ET from the river bottom, and return flows.
If actual variability could beincorporated in theflow projections, minimum flow valuesfor both scenarios
probably would be smaller for al or most months. In spite of this shortcoming, the flow projections do
provide an excellent portrayal of probableflow distributionsfor both scenariosand are arealistic basisfor
comparisons between the two scenarios.
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Figure 6: Graphical Comparison of Projected Flowsfor USGS gaging station 06402600, Cheyenne River

near Buffalo Gap, for pass-through and current (With Res.) operating scenarios
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Figure 6 continued
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Comparisons of historic and projected flows for station 06402600, Cheyenne River near Buffalo Gap,
provided confidence that flow projections were redlistic (table 3 and figure 3). A qualitative analysis of
flow projections for the pass-through scenario indicates that projected flows are consistent with actual
hydrologic flow conditionsfor the Cheyenne River and tributariesin the vicinity of Angostura Reservoir.
During minimum flow conditions, theflow of the CheyenneRiver at Edgemont isvery small and zero-flow
conditions frequently occur at thissite. Similarly, the mgjority of the intermediate drainage area between
Edgemont and the downstream extent of the Angostura Irrigation Unit would produce very little, if any,
tributary inflow during minimum flow conditions. The exceptions would be the return flows from the
irrigation unit and the tributaries that consistently have relatively large flows resulting from artesian
springflow, such as Cascade Springs, Fall River, and Beaver Creek. Under the current operating scenario,
the minimum releases from the reservoir to the river are very small and base flow downstream consists
primarily of returnflowsand inflowsfrom Fall River and Beaver Creek. During December through April,
the estimated return flows (table 2) are quite similar to the minimum flows of about 20 cfs upstream from
the reservoir, that would be contributed by Cascade Springs. Because those flows currently are stored
during minimum flow conditions, and evaporative effects during December through April are minimal,
minimum flows during these months would be similar under both scenarios, asshowninfigure6. During
other months, inflowsto thereservoir can besmall (about 10-15 cfs) because of ET along theriver bottom.
Evaporation from areduced pool (2,000 acres)

would still be substantial during some months; thus, minimum outflows from the reduced reservoir pool
would bevery small during some months, whichissimilar to the current operating scenario. Thenet effect
would bealargereductioninminimum flow conditionsduring May through November, downstream from
the irrigation unit, resulting from elimination of irrigation return flows under a pass-through scenario.

In summary, for a pass-through operating scenario, average flows downstream from the irrigation unit
would increase by about 32 to 33 cfs, relative to the current operating scenario. The change in the
distribution of monthly flowswould not be uniform, however. The analysis of monthly flow distribution
showsthat under apass-through scenario, flows during low-flow conditions (generally less than about the
25th percentile) would be reduced for most months, relative to the current operating scenario. For mid-
range flow values (generally about the 25th through 75th percentiles), the pass-through scenario would
result in larger flows for many months; however, flow values for late-summer or early-fall months may
not increase. For high-flow conditions (generally those above the 75th percentile) values would increase
for most, but not all months under the pass-through scenario. Depending on the amount of storage
availableat any time, peaksfor somemoderately high-flow eventscurrently are stored withinthereservoir;
however, peaksare passed through when no storageisavailable. Most of thelargest peaksgenerally would
be passed through the reservoir under either scenario, because storage usually is inadequate to store the
largest flows.
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The following table shows awater budget for Cheyenne River between Angostura Dam and Buffalo Gap for a45
year period of record for historic 1953-97 and future alternatives 1998-2042. The Angostura Reservoir river and
canal releases are based on the AGRAOP Model. The Cheyenne accretions, irrigation consumptive use, and
irrigation return flows are based on the water budget completed for the Angostura EIS.

Cheyenne River Water Budget from the Dam to Buffalo Gap Gage (cfs)

Alternative Irrigated Reservair Reservoir | Cheyenne | Reservoir | Canal | CIR | Return Cheyenne
Acres Min. Elev. River River Canal Reg. Use Flow River At

Release Accretion Release Buffalo Gap
Historic 10,500 3163 59.9 36 55.2 N/A | 254 | 298 1257
No Action 12,218 3163 60.2 36 55.1 578 | 25.3 29.8 126.0
No Action 10,000 3163 68.4 36 46.4 473 | 21.3 251 129.5
Flow Through N/A 3157.2 120.7 36 0 0.0 0.0 0.0 156.7
Recr eation 12,218 3170 62.3 36 53.5 578 | 24.6 28.9 127.2
Recr eation 10,000 3170 70.0 36 453 473 | 20.8 245 1305
Imp. Efficiency 12,218 3163 68.9 36 45.7 465 | 21.0 | 247 129.6
Imp. Efficiency 12,218 3170 70.6 36 4.7 46,5 | 20.6 24.1 130.7
Imp. Efficiency 12,218 3175 715 36 43.6 46.5 20.1 235 131.0
Imp. Efficiency 12,218 3184 86.1 36 27.8 465 | 12.8 15.0 137.1
Imp. Efficiency 10,000 3163 76.3 36 37.7 380 | 173 204 132.7
Imp. Efficiency 10,000 3170 77.3 36 375 380 | 173 20.3 1336
Imp. Efficiency 10,000 3175 78.0 36 36.8 38.0 | 16.9 19.9 1339
Imp. Efficiency 10,000 3184 88.8 36 25.0 38.0 | 115 135 138.3

Note:  Historic 45 year period of study is 1953-1997 (calendar year).
The Alternatives based on the 45 year period of study 1998-2042 (calendar year).
Column Definition:
Column 1 is Alternatives developed for the EIS.
Column 2 isirrigated acres associated with each aternative.
Column 3 is Reservoir minimum elevation associated with each alternative.
Column 4 is Reservair river releases associated with each alternative.
Column 5 is Cheyenne River accretions based on records for Fall River, Beaver Creek, Beaver Creek return flow, ungaged
inflows, and evaportranspiration from river bottom between the dam and Buffalo Gap Gage (23+7+2+8-4=36).
Column 6 is Reservoir canal releases associated with each alternative.
Column 7 is Canal Requirement of 18.74 inches/acre based on Modified Blaney-Criddle Method with 76% canal efficiency
and 60 % on-farm efficiency. Improved Efficiency was based on 81% canal efficiency and 70 % on-farm efficiency. Thisis
agood indication of canal shortages when comparing canal release.
Column 8 is District irrigation consumptive use (46% of canal releases).
Column 9 is Digtrict irrigation return flow (54% of canal releases).
Column 10 is Cheyenne River at Buffalo Gap Gage (Column 4 +5 +8)
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Angostura Reservair Maonthly Minimum adjusted inflow (cfs)

Mins used 151 17.7 183 179 197 0z 211 163 14.0 133 105 125

Y'ear Oct Mo Dec Jan Feh tdar Apr L Jun Jul Alg Sep tean
1955 21.14 17.70 18.30 19.16 28.81 245.58 g47.00 307.38 270587 4391 450.50 255.44 2105
1956 15.10 17.70 65.31 4364 ho.42 14474 40.33 15776 179.82 13.30 3578 12.50 65.0
1957 15110 2857 29.27 25.48 4321 92.70 11428 131734 57307 128.48 12848 36.97 2111
1958 30090 35.24 18.30 15.44 1.4 91.08 186.54 27 65 114.28 89612 274.85 12.50 1457
1959 15.10 17.70 18.30 17.98 14.70 105.71 3361 jz2h3 194.94 126.85 10.50 21.85 51.2
1960 1952 21.85 2277 24.91 iza 156.13 28.57 2440 90.75 21.14 10.50 12.50 8.8
1961 15110 15.49 2277 2312 2341 30.70 21.10 2440 23453 fb.68 35.03 12.50 26.7
1962 21.14 2017 18.30 149.60 109.84 118.72 2110 208000 283174 1369.38 118.72 12.50 561.5
1963 45.54 16.44 1952 2366 162.05 126.48 84.07 15613 736.08 91.08 11.38 107.56 1324
1964 15.10 17.70 18.30 1831 28.81 50.42 10419 1.32 440.31 55.30 10.50 12.50 711
1965 15110 15.49 2277 0.4z 378 95.95 10251 434.23 966.32 310863 35.03 26.89 175.0
1966 6831 26511 22.77 2482 36.01 273.23 10419 16.30 14.00 224.44 294.37 18.49 935
1967 £4.30 3865 24.40 3837 G8.23 200.04 97.47 191.91 1667.26 31388 10,50 28.57 249.0
1968 15.10 3361 29.27 333 h5.82 13011 60.67 55.30 50417 749.69 102.46 4z2.01 96.6
1969 15.10 2857 2277 2596 iz 180.52 87.39 11222 10251 91563 14.64 12.50 129.2
1970 17.89 2857 3090 2258 65.42 120.35 12772 10246 14.00 13.30 24.40 12.50 45.6
1971 29.27 i0.25 26.02 2262 §1.03 138.24 38317 139215 966.32 29.27 10,50 21.85 260.9
1972 4z.28 45.74 3090 2356 115.24 32827 45.38 50.42 105.88 jz2h3 45.54 12.50 732
1973 3415 3524 24.40 inz? 45.01 105.71 121.00 35454 5210 13173 27.65 27561 1031
1974 52.04 53.78 39.03 150.24 169.26 115.47 13613 16.30 14.00 1330 3578 12.50 67.3
1975 22.77 45.38 2277 25.34 25.21 180.52 24872 74.81 12772 4391 16.26 12.50 705
1976 17.89 21.85 34.03 249.21 h7.62 107.34 b5.46 61.60 24368 56.30 5367 13.44 63.0
1977 17.89 2017 21.14 22.28 iza 76.44 109.24 2277 420 61.80 34.03 £8.90 445
1978 42.28 26.21 27.65 26.65 270 80016 84.03 253547 339.47 ho7.42 30250 2017 35948
1979 29.27 26511 3253 307 2521 256.96 156.29 55.30 63.86 15613 31876 13.44 97.0
1980 17.89 26.64 21.14 28.30 219.67 162.63 78.99 29.27 60.67 13.30 §1.32 12.50 4.4
1981 21.14 25.41 39.03 41.98 45.01 30.90 21.10 7 14.00 213.05 151.25 12.50 54.4
1982 35.78 26.89 24.40 25M 70.22 95.95 40.33 286.24 70919 128.48 161.01 EERN 1415
1983 10571 47.06 3415 49.36 151.25 104.09 97.47 141.49 89.07 5367 74.81 12.50 801
1984 45.54 3865 29.27 i6.64 147.65 32827 14957 613.13 27393 24.40 34.03 16.49 145.2
1985 3415 3697 24.40 24.02 30.61 136.61 40.33 16.30 14.00 52.04 56.92 25.21 414
1986 3090 2651 24.40 25.08 151.25 401.71 35292 211.42 705.83 13336 10.50 137.81 1845
1987 217.93 42.m 3090 4055 131.44 533.44 196.63 149.62 12268 13.30 14.64 15.49 126.0
1988 17.89 3361 29.27 21.98 36.01 74.81 28.57 34.03 14.00 3283 34.03 26.89 328
1989 16.26 25.21 26.02 22.94 27.0 81.32 36.65 4716 14.00 27.65 1301 104.19 370
1990 26.02 3524 3090 J264 3961 118.72 62.18 9758 28.57 55.30 7a 21.85 45.8
1991 3090 3193 26.02 26.38 4321 ho.42 3865 1BBO.F4 148225 h367 10,50 15.13 288.3
1992 21.14 40.33 29.27 31.08 54.02 5367 26.89 21.14 38.65 61.80 29.27 18.49 355
1993 149.52 26.21 24.40 2712 30.61 42773 265.69 200.04 33443 249274 1449.62 3361 1542
1994 45.54 21.85 29.27 46.60 138.65 608.25 £5.54 52.04 14.00 1952 jz.h3 13.44 90.6
1995 5530 26.89 374 5016 102.63 87.82 63.86 328.27 431.80 439 21.14 16.81 105.3
1996 3415 50.42 27.65 3386 95.03 230.94 163.01 401.71 236.96 1330 58.55 4369 1161
1997 43.91 50.42 34.03 G5.44 B46.63 666.43 364.85 36267 459z2.40 169.14 11059 2017 260.3
tean 354 303 27.8 333 84.9 196.8 129.3 3341 i7en 165.2 81.8 40.3 1278
hdin 151 17.7 18.3 18.0 197 n7 21.1 16.3 14.0 133 105 125 26.7

10 pctile 151 18.5 18.5 201 27.0 57.9 28.6 231 14.0 133 105 125 343
25 pctile 17.9 21.8 22.8 233 iz4 943 403 382 40.3 309 155 125 587
tedian 26.0 26.9 26.0 271 45.0 1285 4.1 102.5 127.7 BR3 34.0 1685 96.6
75 ptile 423 36.1 309 336 106.2 238.3 142.8 6.3 466.4 1447 1065 31 150.0
90 ptile 546 48.7 387 46.0 151.3 4225 2783 11765 9203 13z 2521 102.2 258.1
hax 2174 538 68.3 150.2 46.5 600.2 847.0 25305 2837 1,369.4 4505 275.6 h61.8

Mate: Minimurn used are minimums at Hot Springs

A-2 Appendix J-23



Angostura Resersair monthly calibrated adjusted inflow (cfs)

Year Oct MNow Dec Jan Feb har Apr iy Jun Jul Aug Sep hean
1955 211 134 16.3 18.2 28.8 245.6 g47.0 3074 2706 4349 4505 255.4 209.9
1956 130 15.1 68.3 437 0.4 1447 40.3 157.8 179.8 114 358 -5.0 £1.0
1957 £S5 28.6 29.3 255 432 92.7 114.3 1317.3 5731 1285 1285 370 2104
1958 309 353 16.3 195 1.4 a1 186.5 276 1143 8961 2749 -8.4 143.8
1959 8.1 8.4 16.3 18.0 16.2 1057 336 325 194.9 126.9 -1.6 21.8 48.4
1960 195 21.8 228 249 324 156.1 286 24.4 90.8 211 6.5 11.8 384
1961 130 18.5 228 231 234 29.3 185 24.4 235 66.7 33.0 5.4 2549
1962 211 20.2 16.3 196 109.8 1187 185 20801 2831.7 1369.4 118.7 34 B60.6
1963 455 18.5 195 237 162.1 128.5 831 156.1 736.1 911 1.4 107.6 132.4
1964 £S5 5.0 9.8 19.3 288 50.4 104.2 8.3 440.3 E5.3 -16.3 1.7 S
1965 49 185 228 304 KFR:| 96.0 1025 434.2 966.3 o6 390 26.9 174.2
1966 E8.3 25.2 228 248 360 2732 104.2 8.1 -10.1 2244 294.4 185 90.8
1967 B33 387 24.4 38.4 88.2 200.0 975 191.9 1887.3 339 8.1 28.6 248.9
1968 49 336 29.3 333 558 1301 80.7 55.3 504.2 797 1025 4z2.0 959
1969 146 28.6 228 26.0 324 180.5 57.4 1122 102.5 9156 146 -1.7 128.0
1970 179 28.6 304 226 8.4 1203 127.7 102.5 -21.8 114 24.4 -5.0 44.0
1971 29.3 303 26.0 226 g1.0 138.2 3|3z 1392.2 966.3 29.3 9.8 21.8 260.8
1972 42.3 48.7 304 236 116.2 3253 45.4 504 105.9 325 455 8.4 728
1973 342 353 24.4 303 450 1057 121.0 3545 521 137 276 2756 1031
1974 E2.0 538 39.0 180.2 169.3 1155 1361 <33 -10.1 130 KLR: 11.8 E36
1975 228 45.4 228 25.3 252 1805 248.7 748 127.7 4349 16.3 -11.8 B85
1976 179 21.8 39.0 29.2 576 107.3 5.5 61.8 2437 55.3 837 134 63.0
1977 179 20.2 211 22.3 324 76.4 109.2 22.8 4z2.0 61.8 33.0 68.9 445
1978 42.3 25.2 278 26.7 27.0 500.2 54.0 2535.5 3345 507.4 3025 20.2 394.8
1979 29.3 25.2 2h 307 25.2 257.0 156.3 553 63.9 156.1 318.8 134 g7.0
1980 179 26.49 211 28.3 219.7 162.6 7a.0 29.3 80.7 8.1 8.3 1.7 E1.7
1981 211 25.2 39.0 42.0 450 304 1.8 374 11.8 2131 151.3 -42.0 48.9
1982 358 26.9 24.4 25.1 70.2 96.0 40.3 286.2 709.2 1285 161.0 941 1415
1983 106.7 47.1 342 49.4 1513 104.1 975 1415 39.1 537 748 1.7 79.2
1984 455 387 29.3 36.9 147.6 3253 149.6 6131 2739 244 33.0 18.5 145.2
1985 342 37 24.4 29.0 306 136.6 40.3 -3.3 1.7 52.0 56.9 25.2 387
1956 309 25.2 24.4 231 151.3 40.7 352.9 211.4 705.8 1334 8.1 137.8 184.3
1987 217.9 42.0 304 40.6 131.4 5334 196.6 149.6 122.7 65 146 185 1264
1988 179 338 29.3 22.0 360 748 286 39.0 134 325 39.0 26.49 328
1989 16.3 25.2 26.0 229 27.0 81.3 387 47.2 101 276 130 104.2 366
1990 26.0 35.3 3049 326 396 1187 Ez.2 976 28.6 553 374 21.8 48.8
1991 309 34 26.0 26.4 432 0.4 3687 16607 1482.3 537 6.5 15.1 286.0
1992 211 40.3 29.3 311 54.0 537 26.9 211 387 61.8 29.3 18.5 355
1993 195 25.2 24.4 27.1 306 427.7 285.7 200.0 334.4 2927 149.6 336 154.2
1934 455 21.8 29.3 46.6 1386 608.3 655 5z2.0 101 195 3z2h 134 90.3
1995 E5.3 2649 374 50.2 102.6 a7.8 639 3263 431.9 4349 211 16.8 105.3
1996 342 50.4 276 339 99.0 2309 163.0 401.7 237.0 9.8 5B.E 437 114.2
1997 439 50.4 39.0 85.4 G968 G684 3848 |27 492.4 169.1 1106 20.2 260.3
hean 343 29.6 275 333 G4.8 196.8 129.0 3330 364.5 163.4 806 35.7 126.4
hin 49 5.0 9.8 18.0 16.2 29.3 1.8 (3.3 (21.8) (11.4) (16.3) (42.0) 2549

10 pctile 91 18.5 164 201 27.0 h7.49 286 231 101 1.7 8.1 4.4 385
25 pctile 179 21.8 228 233 324 94.3 40.3 gz 40.3 3049 155 3.4 55.0
bedian 26.0 2649 26.0 271 450 1285 831 1025 127.7 E5.3 390 185 95.9
75 ptile 423 361 304 336 106.2 2383 142.8 363 466.4 1447 1065 KN 149.7
90 ptile E46 46.7 387 46.0 1513 4225 2783 11765 920.3 niz 2521 102.2 258.0
M 2179 538 58.3 180.2 G968 800.2 g47.0 25385 2.831.7 1.369.4 4505 2756 BE0.6
MOTE:  Inflows corrected far July 1958, and adjusted for evaporation and Area-Capacity for October 1966 and September 1931 115.54

Inflows calibrated to historic EOM Content by AGRAOP model.
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Estimated ET in reach between Cheyenne River at Edgemont and Hot Springs

Estimated ET = Edgemant + 1.5({Hat Cr.)+19.5-Hot Springs

Year
14951
1952
1953
1954
1955
1956
1957
1955
1953
1360
1961
1962
1963
1964
1965
1966
1967
1965
1969
1970
1971
1972

Median
Srmooth
Estimate

Oct
-1.35
-3.99

1.50
-4.39
-0.466
-6.14

566

0.28

416

4.4z
-1.90
-2.90
-9.76

2.82

2.20
-1.m

4.81

5.88

.64

6.9
-0.30

1.36

0.82

4.00

R[]
-1.21
-8.60

054

0.09
-0.77
-2.27
10.82
-2.76

1.79

2.05

016
-R18
-R.14

421

274

n.os
566

8.70
-0.45
-1.96
-0.84
<189

-0.83

n.0o

Dec
-3
-8

1.60
-0.46
-1.44

g.80

22z

0.8g

1.23

054
-3.349

013

031

280

1.70

0491

0z

G.47
<378
-0.56
515
-2.07

0.24

n.0o

Jan
-2.47
-2.61
-1.73

1492
-0.82
-4 54

114

113

399

[IRE:]
-1.80

n.o4
<3113
-0.74
-2.44
-1.64
<354

3.01
-2.42

526
-1.058
-3

-1.37

n.0o

Feb
-7.35
-12.62
-13.71
-10.30
-359
24.11
15.64
0.67
112
-3.61
356
-6.18
1365
-B.B5
=313
-0.98
-18.70
-10.40
-3.15
-36.17
-28.36
-64.99

-4.490

n.0o

harch
-18.67
4735
53.20
-4.24
G085
270
1491
-2.20
38.20
3375
126
-1.38
16.70
-3.21
-21.68
45.35
-363.52
-h.02
-5.30
-28.04
-33.64
-213.25

-1.78

n.0o

Agaril
-4.38
-17.10
-2.97
-2.2h
-164.35
-4.82
9.35
10.70
-0.51
-0.76
-2.84
0.28
10.98
365
-20.47
-3.20
14.60
171.75
-9.02
10.85
-29.29
-13.30

-2.5h

n.0o

e
8.70
£9.75
51.05
33.95
-26.55
-3.30
49.05
9.18
17.04
1.27
6.66
411.05
25.50
-0.67
29.30
340
30.60
58.20
9.76
307
30210
8.55

13.40

June
-29.20
10.00
-17.70
-1.54
-3g.20
=745
4795
18.90
2215
16.78
-4.30
38.95
51.00
54 EF
-0.30
749
G73.20
21375
3768
1470
2050
39.89

17.84

July
11.70
-45.05
12.50
-12.07
-4.20
20.55
25.60
50.45
18.70
13.93
11.59
-71.65
13.058
11.51
30.50
27.15
-39.70
63.20
-63.60
1.08
=17
433

11.65

12.00

Alg
-46.30
-6.34
-0.20
-14.89
24.10
11.85
8.83
-56.85
11.75
8.80
27.33
26.16
451
433
3.88
4.45
-3.49
23.45
-0.13
-5.49
11.43
12.90

12.00

Sept
-68.25
5.54
-3.94
5.92
25.05
320
10.37
h47
10.22
b0
445
2.23
20.05
2.41
8.75
-1.97
-0.21
10.42
6.69
8.91
-2.20
3

hean
-13.52
263
718
-0.70
-10.90
397
16.79
2.99
10.82
£.90
340
3263
11.47
F.25
254
£.91
24.05
4578
-2.28
-2.45
19.33
-18.23
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# 06402000
# Fall River at Hot Springs

“ear Ot ielal Cec Jan Feb darch Agaril LEW June July Ay Sept tean
1555 236 238 234 232 23.9 26.6 21.6 2alh 247 235 245 26.2 242
15956 24.9 230 246 28.0 24.7 23z 214 232 21.5 21.4 24.2 245 238
1957 23.0 22.3 21.0 21.0 21.8 21.8 21.8 231 26.6 22.6 221 246 226
1958 24.7 24.2 233 233 24.9 25.7 245 23z 245 25.7 22.7 231 24.2
1959 24.2 251 25.1 24.2 239 236 253 25.1 22.4 21.7 21.0 21.6 236
1960 245 24.4 238 24.9 25.4 25.8 249 231 221 21.6 22.1 22.7 238
1961 24.0 238 238 24.2 248 247 24.2 237 24.4 1.2 209 235 24.4
1962 23.0 24.0 241 23.2 25.0 253 2249 23.0 22.9 24.6 22.2 21.9 235
15963 238 245 224 241 238 256 236 21.3 236 225 22.3 27.6 238
1964 26.5 25.6 245 22.0 225 234 245 26.1 24.0 22.6 226 238 24.0
1965 24.0 251 224 237 235 24.0 241 2549 25.1 24.3 24.3 226 24.1
1966 234 237 230 239 223 25.7 233 225 22.6 239 228 22.3 233
1967 23.0 233 234 235 247 237 22.7 229 29.7 231 205 21.0 235
1968 22.8 24.0 25.1 234 24.2 255 243 237 26.1 24.0 23.0 249 243
1969 22.9 214 19.4 21.7 233 204 26.8 21.4 25.8 23.2 2449 238 230
1570 23.7 207 227 20.6 21.8 21.7 145 1€ 203 205 21.0 225 21.2
1871 229 21.7 21.1 21.5 221 226 232 232 225 15.4 149.6 2448 22.1
15972 21.4 238 26.8 24.0 21.7 226 22.6 22z 149.7 149.5 18.6 17.8 21.7
15973 18.8 20.7 26.5 22.6 24.0 24.1 22.3 215 203 15.2 149.9 234 214
15974 209 18.3 226 22.0 21.0 21.3 20.0 204 22.9 20.6 195 20.0 204
15975 21.9 22.3 21.8 223 223 22.8 199 21.1 20.9 21.1 21.4 20.6 215
1976 21.3 20.7 22.1 21.9 20.6 226 21.3 19.0 183 20.0 22.0 22.1 21.0
1977 22.8 2z2.2 22.2 21.6 149.8 22.3 20.7 204 22.1 225 20.2 20.8 215
1578 22.h 226 214 21.0 23.0 254 238 258 22.6 21.9 234 14.7 228
15979 23.0 21.7 224 221 23.0 21.3 22.3 231 223 22.6 233 20.7 22.3
1980 22.0 20.6 227 24.4 21.7 22.1 227 20.1 19.4 18.0 19.3 20.7 21.1
1981 22.2 21.4 215 21.2 204 208 205 20.2 17.9 20.0 228 214 204
1982 22.7 21.0 21.0 21.4 213 20.0 19.7 22.0 223 201 22.3 234 214
1983 21.3 204 21.4 20.9 22.8 232 2z2.2 21.0 201 201 201 17.7 21.0
1984 21.0 21.8 19.7 19.4 21.0 21.0 22.3 21.7 233 21.6 21.8 235 215
15985 2z.0 2z.8 230 203 24.0 246 14849 211 243 18.2 18.3 145 216
1986 22.4 231 244 236 21.5 21.7 21.7 221 221 21.5 205 224 22.3
1987 20.8 168.3 19.0 11919 237 26.8 26.8 21.8 20.9 20.9 20.7 22.6 214
1988 21.4 204 21.8 232 233 22.1 20.2 22.1 18.7 149.5 21.0 215 213
1989 21.5 2z2.8 21.8 213 225 21.1 21.1 21.7 23.0 21.1 20.2 14949 215
15990 19.3 21.8 22.4 22.4 233 234 235 2349 24.4 18.8 19.7 205 220
1991 149.9 20.0 19.3 20.6 221 225 22.4 235 21.8 21.0 20.7 21.1 21.2
1992 21.8 221 225 22.9 22.7 21.8 21.3 21.8 20,5 20.2 205 21.9 21.7
15993 22.3 231 227 221 215 224 224 224 233 21.4 21.2 21.8 22.3
1994 23.0 2z.7 225 213 21.5 236 221 213 21.4 21.0 205 204 21.8
15945 21.1 226 230 21.7 22.4 224 231 255 26.0 24.6 253 2549 237
1996 259 255 25.0 25.0 25.0 25.0 244 24.4 23.0 235 23z 24.0 245
1997 255 243 25.2 25.2 26.2 255 238 237 26.2 283 255 26.4 2515
tean
1984-97 22.0 22.3 22.3 22.1 22.9 23.2 225 22,6 22.8 215 21.4 22.3 22.3
196950 2z.0 215 226 221 22.0 224 221 215 21.4 20.7 211 21.4 218
15955-97 22.6 226 228 226 22.9 233 22.6 225 227 21.9 21.7 224 226
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# 06402500
# Beawver Creek near Buffalo Gap

Year Oct Moy Dec Jan Feb harch April My June July Aug Sept hean
1955 4.9 B3 107 1.1 9.8 93 29 0.9 33 06 18.3 8.2 7.2
1958 .4 9.2 10.4 111 111 105 6.4 18 23 14 0.4 05 59
1957 1.6 5.2 1.4 12.4 10.8 5.4 34 9.4 16.6 77 2.2 41 7.8
1958 9.5 12.0 93 104 115 105 100 44 71 116 4.2 48 8.8
1959 B.7 8.0 1049 1.0 5.4 8.0 17 0.9 07 33 15 16 53
1960 41 9.6 1.2 10.4 9.7 9.0 11 06 0.7 0.4 0.3 0.4 48
1961 0.7 45 10.3 104 3.0 43 1.0 1.0 24 0.4 0.3 1.0 38
1962 1.2 6.2 9.8 95 101 9.6 16 25 100 156.2 2.2 0.8 6.6
1963 93 1.3 5.4 91 8.6 93 78 5.6 254 1.7 37 5.8 9.7
1964 8.2 1.6 95 10.4 1.0 31 79 18 45 20 0.6 07 6.4
1965 1.6 9.0 1.3 1.7 1.7 106 72 93 96 BB 25 BB 8.1
1966 10.8 1049 1.7 10.4 12.3 31 =1 186 04 8.7 31 70 7B
1967 7.1 8.3 10.8 1049 107 99 0.8 34 14.4 6.1 35 59 76
1968 9.4 9.6 105 115 1.1 6.2 25 27 78 37 11 53 6.8
1969 B.7 3.0 31 10.8 10.4 3.0 23 0.9 07 B.1 24 11 5.7
1970 101 8.1 77 85 95 1.3 8.4 50 18 1.0 12 E.1 BB
1971 100 7.9 8.2 10.2 135 10.6 9.8 9.4 10.3 6.0 0.8 7.1 8.6
1972 9.2 1.0 1.1 8.0 95 91 47 46 133 41 35 6.0 7.8
1973 9.3 9.2 70 9.4 1.1 9.4 5.4 48 0.8 15 23 6.4 6.6
1974 8.1 7.2 8.7 100 1.4 75 8.0 30 0.4 0.3 0.3 0.6 515
1975 2.8 7.6 9.2 93 95 9.7 BB 28 6.4 128 33 58 7.1
1976 1.9 5.9 7.2 100 10.3 101 7.1 43 26 4.7 75 i 6.3
1977 5.6 7.7 9.6 9.6 100 72 6.5 5.0 18 05 46 54 6.1
1978 6.5 12.4 1.8 115 99 16.1 38 71 46 12 15 46 76
1979 7.4 5.2 125 12.2 116 115 70 15 0.8 14 122 76 79
1980 77 1.0 8.8 10.4 1.3 10.8 79 11 07 0.3 0.4 06 59
1951 39 1.0 31 9.3 101 75 1.2 44 8 41 74 6.9 6.5
1982 5.9 91 1.2 9.8 10.8 10.8 6.0 74 121 7.1 8.0 8.6 59
1983 9.7 10.0 5.4 8.2 79 74 48 515 515 20 14 29 6.1
1984 5.6 31 8.9 1.1 95 8.6 93 9.7 10.3 103 48 76 8.7
1985 105 1049 1.0 7.1 7.1 8.1 50 0.8 05 0.7 515 9.7 6.4
1986 9.8 3.1 10.3 10.7 10.2 8.9 128 51 8.8 59 34 9.8 8.7
1987 9.9 10.0 59 8.3 94 10.8 105 79 102 47 43 76 85
1988 9.1 9.0 99 1.2 99 8.2 31 1.0 0.6 0.3 28 6.3 59
1989 73 8.5 85 5.8 5.2 93 B3 31 15 15 25 46 E.0
1940 4.8 77 79 93 8.9 8.7 77 19 8.1 2.2 32 12 B0
1951 4.1 8.1 6.0 8.5 100 8.7 8.7 5.8 100 75 29 4.2 20
1992 9.4 7.6 8.6 8.3 5.2 5.4 10.3 17 8.0 73 4.2 8.0 75
1943 74 9.5 8.3 85 9.0 9.8 91 6.9 6.3 5.7 6.0 106 8.1
1994 1.5 9.8 85 8.4 8.1 8.6 71 19 11 0.8 05 5.2 E.0
1945 33 515 8.3 9.0 8.7 8.1 8.9 106 427 26.4 85 107 126
1996 1.6 1.0 101 9.8 9.6 9.9 10.7 3.0 1.0 70 75 9.3 9.7
1997 9.0 9.9 9.8 105 107 9.6 91 99 10.8 136 123 109 105
tean
1984-97 8.1 3.0 8.9 93 5.2 3.0 85 5.4 93 B.7 49 76 8.0
1969-80 7.1 8.9 9.2 100 107 10.2 6.7 41 37 33 33 46 6.8
1955-97 7.0 8.9 9.6 100 101 9.2 6.3 44 70 583 39 54 7.2
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Beaver Creak return flow

Ot [ [=l¥) Dec Jan Feb  March April My June Juby Al Sept Mean

Year

20
20
20
20
20
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20
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20
20
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20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
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2.0
20
2.0

2.0
2.0
2.0

2.

2.0
20
2.0

2.0
2.0
2.0

2.0
20
2.0

2.0
2.0
2.0

2.0

2.0
20
2.0

2.0
2.0
2.0

2.0
20
2.0

2.0
2.0
2.0

2.0
2.0
2.0

1984-97
1363-80
1955-97

2.0

2.0

2.

2.0

Appendix J-28

A-7



# 0640000Hat Creek
# Hat Creek near Edgemaont

Year Oct Mo Dec Jan Feb  March April by June July Aug Sept bean
1955 0.0 0.0 n.2 01 0.0 80.3 981 2949 17.8 0.0 B84 701 304
1956 24 0.7 16.0 37 33 10.6 n.a 204 195 10.0 6.4 0.0 7.8
1957 0.0 14 24 0.5 5.9 9.5 5.3 4435 1057 21.8 1.4 1.6 541
1958 30 2.2 1.8 2.2 38 138 292 049 17.0 1054 4.0 0.0 153
1959 0.0 0.0 0.0 15 0.5 37k 05 1.1 2149 40.2 0.2 38 9.8
1860 05 0.3 0.6 0.3 0.5 215 28 5.3 07 0.0 0.0 0.0 27
1961 0.0 0.0 0.0 0.0 0.0 6.1 0.4 056 0.2 .3 2.0 0.0 1.3
1962 0.0 0.0 0.0 0.0 0.0 107 0.4 737 1343 40.7 25 0.0 214
1963 0.2 0.0 0.0 0.0 231 340 37 31 726 349 01 1.8 11.4
1964 0.9 01 0.0 01 0.1 0.7 114 35 525 0.5 0.0 0.0 59
1965 0.0 0.0 0.0 0.0 0.0 0.2 n.a 820 LEE 534 1.3 26 18.3
1966 6.6 17 0.5 1.4 1.5 85.7 156 1.2 0.2 124 449 0.z 15.2
1967 6.3 1.0 0.3 0.2 1.6 05 272 2892 12230 705 39 1.1 1138
1968 1.8 6.7 35 45 114 51 1407 500 2721 90.6 A 1.5 516
1964 37 24 27 2.2 2.8 328 83 1.8 15 454 0.9 0.0 87
1870 06 18 1.2 0.2 1.3 1.2 149 0.4 144 0.0 0.4 0.0 30
1871 0.0 0.0 0.0 0.0 2.8 37 71 2244 1320 4.2 0.0 1.0 33
1872 1.3 27 0.9 07 E.5b 115 15 2.7 7.0 35 0.0 0.0 32
1973 0.0 0.0 0.0 0.4 0.4 24k h7.2 64.4 0.3 8.2 0.0 2.8 136
1874 0.3 09 1.0 2hhA 242 7.8 869 1.1 0.1 0.0 0.0 0.0 123
1975 0.0 0.0 0.0 0.0 0.0 041 6.4 24 2.2 4.0 0.0 0.0 1.3
1976 0.0 0.0 0.0 0.0 36 0.5 0.3 25.0 420 1.0 0.3 0.0 6.1
1977 0.0 0.0 0.0 0.0 0.0 0.3 349 0.4 2.8 0.0 0.0 0.0 0.6
1978 0.1 0.0 0.0 0.0 0.0 119.3 2.0 B9.6 14 1.4 0.7 0.0 16.3
14874 0.0 0.0 0.0 0.0 0.0 9.7 29 1.1 0.8 0.6 174 0.0 27
1880 0.0 0.0 0.0 01 52k 15.2 10.0 05 01 0.0 0.2 0.0 6.6
1981 0.0 0.0 0.3 0.4 01 0.1 n.o 15 0.4 n.2 0.0 0.0 0.3
1882 0.0 0.0 0.0 0.0 0.0 0.1 0 B2.2 1725 4.8 7R 26 250
1883 44 34 349 B.1 35 32 134 457 7.4 5.8 12.4 0.4 9.1
1984 0.1 1.3 1.0 R.1 101 2.3 203 116.3 1035 100 2.0 0.0 227
1985 0.7 2.4 1.5 15 1.3 5.8 1.7 0.6 14 0.4 0.0 0.0 15
1986 0.7 0.0 n.2 0.4 1585 103.4 909 332 206.4 29.0 2.6 0.6 40.2
1987 130 6.5 5.1 5.9 104 B7.0 15.2 154 135 0.5 0.0 0.0 127
1988 0.1 17 1.1 0.8 2.1 49 0.3 5.4 15 0.0 0.6 0.0 16
1989 0.0 0.0 0.0 0.0 0.0 0.2 0.4 0.2 0.2 0.0 0.0 1.0 0.2
1840 0.0 0.0 0.0 0.0 01 0.4 01 0.7 0.4 1.6 0.0 0.0 0.3
1841 0.0 0.0 0.0 0.0 01 0.3 5.3 3kR2 1414 38 2.7 0.0 427
1892 0.0 07 0.6 05 0.9 0.6 05 05 1.0 24 0.2 0.0 07
18493 0.0 0.3 0.3 0.2 0.2 1496 1065 12.2 547 71.3 29 0.7 341
1994 4.1 36 4.2 2.9 4.0 201 147 7.3 8.3 4.6 0.0 0.0 6.1
1845 1.1 0.0 0.1 2.7 105 27 139 r0A 561 n.z2 0.0 0.0 115
1995 0.7 07 1.1 1.1 0.3 1.1 10.2 824 34 4.0 0.0 0.0 111
1997 0.9 5.0 1.4 22.2 26.5 49 16.8 46.1 158.8 48.0 115 2.6 28.7
Mean
1984-97 15 15 1.2 31 5.9 254 21.3 522 6.4 126 16 0.4 153
1963-80 05 07 0.5 24 7.9 184 16.8 328 171 57 1.7 0.7 8.8
1955-97 1.2 1.1 1.2 2.2 5.4 21.4 209 464 738 16.8 6.0 23 166
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“Yeaar
1965
1956
1957
1965
14959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1965
1970
1971
1972
1973
1974
1975
1976
1977
1978
1978
1980
1981
1982
1983
1984
1986
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997

Mean
1984-97
1969-80
19R5-97

Ungaged Tributary - Hat Creek ® 49

Oct
0.00
1.18
0.00
1.45
0.00
0.24
0.00
0.00
0
0.46
0.00
323
amn
0.86
1.81
0.28
0.00
0.64
0.00
0.14
0.00
0.00
0.00
0.05
0.00
0.00
0.00
0.00
2.16
0.07
0.35
0.35
B.37
0.05
0.00
0.00
0.00
0.0z
0.00
2.m
0.51
0.34
0.46

0.5
n.z
0.6

[R=\
n.m
0.34
0.9
1.06
0.00
016
0.00
0.00
n.m
0.04
0.00
n.a
0.50
3.30
1.19
0.4
0.00
1.1
0.00
0.44
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
1.68
0.62
115
0.00
319
0.1
0.00
0.00
0.00
0.33
016
1.75
0.00
0.36
2.44

n.s
0.3
ns

Dec
0o
7.84
118
0.90
n.m
0
0.0o
0.0o
n.oo
0oz
n.oo
0.3z
015
172
1.30
061
n.oo
0.44
0.0o
0.4a
n.oo
0.0o
0.0o
n.om
n.oo
n.oo
013
n.oo
1.91
0.E1
072
0o
25
0h3
0.0o
n.oo
0.0o
0.2a
niz
203
n.04
0.1
067

0.6
0.2
0.6

Jan
003
1.80
023
1.08
075
016
p.oa
p.oa
001
noz?
oo
07
o1z
221
1.10
oog
oo
033
021
12,50
oo
p.oa
p.oa
oo
oo
nn4g
IR
oo
anm
248
074
o149
2184
039
p.oa
001
p.oa
026
nog
1.42
131
IRy
10.88

1.5
1.2
1.1

Feh
p.o0
1.60
2.a89
1.84
0.26
0.39
0.01
0.01
11.32
0.04
0.0z
0.73
078
5hR9
1.38
063
1.35
3.20
0.2z
11.86
p.o0
1.76
0.00
0.0
0.00
2577
0.06
p.o0
1.70
495
063
760
510
1.02
0.00
0.03
0.05
0.43
p.09
1.98
515
014
12499

2.4
38
2.6

karch
39.35
519
4.h4
.66
18.42
10.54
2.95
5.24
16.66
0.36
010
46.89
0.22
2h1
15.97
0.R9
1.80
5.R4
12.05
3.82
0.08
0.26
013
5A.46
473
745
0.05
0.07
157
1.13
2.83
5067
32.83
2.42
0.07
017
013
0.29
73.30
§.a5
1.3
0.R2
2.40

127

9.2
105

A-9

April
48.07
0.39
2710
14.31
n.22
1.35
0.1s
0.1s
1.82
583
0.40
7.64
1333
£8.94
4.08
7.30
346
0.75
28.03
4255
315
017
1.89
0.99
1.40
4.90
0.0z
0.04
657
9.95
.84
4454
7.45
015
015
0.06
3.07
0.23
5223
7.20
5.81
5.00
8.23

104
0.2
103

by
1465
10.00
217.32
0.43
5.44
261
0.23
3611
153
1.7
4508
059
1431
2450
0.90
nz2z
109.95
132
3156
052
1.18
12.25
0.1
3410
ns2
025
0.75
40.25
2239
56.99
029
16.27
755
313
nan
036
17552
0.26
598
358
2494
40.35
2259

2h6
16.1
230

June
872
956

R1.79
8.33

1073
035
010

G581

3657

2673

28.71
0.o?

59927
13333
0.78
706

G4 6B
343
016
0.04
110

2058
1.39
0.94
0.40
003
046

A4.53
3hR3

5072
0492

101.14
ERZ
0.a0
011
022

69.29
0.49

3170
404

27.49

16,39

7781

2.6
8.4
361

July
0.00
4.90
10.68
51.89
18.70
0.00
310
15.94
1.9
0.23
31.07
B.32
3458
44.39
22.25
0.00
2.07
1.7
3.99
0.00
1.97
0.50
0.m
0.68
0.29
0.00
0.09
2.36
2.84
4.89
0.20
14.21
0.40
0.m
0.00
0.79
1.86
1.16
34.94
2.27
0.09
1.94
2352

6.2
2.8
0.2

Aug
3352
315
0.70
1.95
0.0
0.00
0.99
1.23
0.07
0.00
0.65
22.00
1.93
16.44
0.45
017
0.00
0.00
0.m
0.00
0.00
n.az
0.00
0.3z
8.77
0.1
0.00
18.38
.08
0.96
0.00
1.25
0.00
0.3
0.00
0.m
1.34
0.0
1.42
0.m
0.00
0.00
5.64

n.s
n.g
30

Sept
3436
0.00
077
0.00
1.85
0.00
0.00
0.00
.50
0.00
1.29
0
055
0.89
0.00
0.00
045
0.00
384
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
1.28
n.2n
0.00
0.00
n3z2
0.00
0.00
0.49
0.00
0.00
0.00
0.34
0.00
0.00
0.00
1.26

0.z
0.4
11

kean
14.90
343
26.52
7.49
474
1.34
0B
10.71
kA3
287
694
746
5674
2R3
427
1.49
1632
150
667
6.03
0R2
2.97
(1]
796
134
321
014
12.24
4. 44
11.10
07z
19.72
.24
p.an
p.og
014
20.94
paz
16.70
30
T
b4z
14.07

25
43
8.1
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# 06402600

# Cheyenne River near Buffalo Gap (cfs)
Year Oct Moy Dec Jan Feb  March April b ay June July Aug Sept Mean
1969 66.8 575 IR 455 52.0 88.0 66.5 516 b28 8663 51.4 763 1300
1970 75.4 64.4 774 7186 718 655 778 60.3 583 E15 642 759 68.3

1971 837 52.6 526 529 81.9 704 745 1403.0 1069.0 516 56.3 911 2625
1972 76.8 7249 735 bb O b9.2 b7h b3 g 539 1308 beb 8.1 757 720
1973 B7.0 705 576 B5.3 59.1 b 740 1713 509 B2.7 50.3 95.4 6.3
1974 736 84.1 402 983 2354 13b1 18038 59.3 443 369 576 503 930
1975 531 59.5 b9.2 616 505 57.4 b3g 505 528 488 45.2 b3h b9.2
1976 B3.7 53.9 525 441 538.1 b95 542 b3.8 491 326 56.3 b5 6 b6h

97y 67.0 54.1 595 61.3 54.9 590 6156 51.6 323 701 43.9 535 b9b

978 5.2 709 34.7 39.7 54.9 108.3 466 18909.0 197.7 139.8 146.9 §1.0 2404
979 B85 76 737 b6.8 53.8 2626 1815 596 587 B3.2 71h 506 91b
980 685 736 71.9 626 134.7 1615 1018 50.6 56.1 207 49.2 841 76.3

tean 708 701 515 b96 862 1006 87b 3337 1Bb2 12561 55.9 703 1071
tin 63.1 52.6 34.7 39.7 54.9 575 456 50.6 323 207 439 566 565

10 pctile B3.2 52.7 353 401 bb.2 577 46 4 51.6 335 330 440 559 b6.8
2B pctile 67.0 54.3 549 51.1 B0.2 54.0 60.8 57.0 505 458 50.0 605 66.1

tedian B85 70.0 551 591 54.4 710 703 50.0 572 541 595 56.3 6.3
75 potile 753 731 723 633 788  11b8 838 945 798 549 57.6 754 1022
90 pctile 6.8 716 737 716 1347 1616 1816 14030 1977 701 78.1 91.1 2404

M ax 837 84.1 774 983 234 2626 1903 19090 10690 8663 1469 954 2625
STD b9 5.1 13.1 14.7 497 b33 460 BO1. 279.1 22b.3 26.4 12.4 5750

Cheyenne River at Buffalo Gap Natural Flow (cfs)
Oct. 68 - Sept. 80 = Un=Uh+S+EA+seep(EA™ 5)

ear Oct Now Dec Jan Feb fdar Apr tay Jun Jul ALg Sep  Average
1969 0.8 1063 8.8 06 937 2477 1420 625 716 10862 -1190  -4b2 161.2
1970 88.1 1028 1081 934 1462 18053 2215 138b b4z -1643  -1281 8.1 7.2
1971 1273 1014 a3 748 1632 2082 4737 14997 10911 -1123 -1625h 57.8 300.1
1972 1328 1304 1038 78 1744 3820 1118 993 2026 -1208  -7B3 13.4 1027
1973 1062 11438 92.1 946 1188 1773 2098 387b 45 276 -1156 3472 126.3
1974 1416 1476 F9F 18b7Y 2632 1974 2366 -371 -78h 1881 =707 4.6 .7
1975 1023 1230 82.7 86.1 867 2483 3171 866 1636  -95b  -173.] -20.1 83.8
1976 98.6 8933 1008 723 1161 16687 1328 795 26b6  -1096  -21.1 -16.6 815

1977 1008 929 3849 828 959 1361 187.0 259 -105 -38.7 -2 Bh7 621
1978 1828 1038 628 Bbb 820 908b  14bB 20236 2208 2243 1386 7.3 3429

1979 874 1128 1068 865 895 3407 2008 b1.7 721 39.8 2564 9.3 1195
1980 730 0 1102 927 900 2668 1797 1112 121 79.0  -2845% 582 29 59.3
Mean 1050 1115 896 900 1389 2814 207bH 3691 178.0 17.3 -50.0 36.4 131.3
Min 708 929 62.8 655 g2.0 1351 112 =371 -78b 2345 -1731 -45.2 598

10 pctile 744 941 784 708 860 1677 1140 135 90 -188 -159.0 -18.7 53.0
25 petile 8749 1024 794 742 926 1791 139.7 453 418 -18168 1218 -11.1 746
Median 1016 1078 9056 846 1142 2028 1938 B26 7Bhb -1025 -73.3 77 93.3
fopctle 1286 1168 1017 908 1660 2714 2263 2007 2071 -10.9 -49.0 451 1317
90 pctile 1328 1207 1068h 94b 2463 3Y79 30971 1388b 2612 2068 1226 576 28b.2
M 1416 1476 1081 1867 2668  808b 4737 20236 10811 10862 2664 3472 3429
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“fear
1965
1966
1957
1968
1969
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
19586
1987
1988
1389
19320
1991
1992
1993
1994
1395
1996
1997
Mean
1984-97
1969-30
1956597

Total Buffalo Gap In (Res inflow+Fall R +Beaver Cr +Beaver Cr. Return+ungaged Tribs)

Dct
516
47 4
331
586
41.0
503
397
47 4
807
437
324
1077
1045
399
480
40
542
Fihs]
542
832
49 4
431
432
734
616
496
493
66.3
1408
742
59.0
654
2570
05
471
B2 1
B5.9
bd 4
12
840
822
740
209

78h
b9b
BE B

Moy
455
497
B30
746
435
3.0
438
2.4
BE.3
443
45
626
728
7z2hb
62.7
60.2
619
363
67.2
827
773
SRS
521
622
531
606
536
3.0
316
722
738
534
ibh
66.3
B8 h
BE6.8
62.0
723
599
531
B7.0
893
89.0

656
6b.2
637

Dec
525
1131
65 .4
5138
543
601
589
521
528
45 3
59.0
598
607
685
545
639
573
712
599
728
bE .3
70.3
549
629
69.4
546
717
b8 6
679
G0 .4
61.1
61.2
63.3
635
b8.3
632
b33
627
575
643
707
65 .3
767

630
623
62.4

Jan
Bh b
866
B1.1
BB B
559
52.4
502
543
B89
B33
B7.8
1.8
749
724
516
B33
563
579
B4 .4
1967
589
53.1
BE 5
B1.2
7.0
65.1
746
583
835
7149
92
Bb 6
737
5858
561
BE.3
575
546
595
797
842
712
134.0

Falesiar

O -l -l
oo_l_l

Feb
545
898
807
817
518
£59.9
9.3

146.9
2078
54.3
780
733
126.4
987
595
102.3
120.0
151.7
223
216.0
9.0
923
542
51.9
£51.8
280 .4
76
104.3
1856
1851
54 .4
1925
1716
723
507
738
773
874
53.2
1722
140.9
1368
7487

1604
1135
122.4

March
3228
1866
1295
1369
1578
2035

63.3
1609
1820

352
1327

3569
2358
1663
2279
1669
1752
3646
1688
1601
2151
1423
1081
9021
2965
2050

61.2
12838
1382

3580
1741
4349
5059
1095
11338
163.0

338

36.1

5352
552 .3
1222
268.3
708.0

3182

2680
2418

A-11

April
9215
71
1686
2373
628
5749
453
452

b ey
348.4
1947
16691
B7.7
B6.0
b2.7
51.3

21437
1866
1129
B165

349
2345
108.2
13756
129.0
16367
806
414.4
232
1019
993
508

26045

52.4
628
647
3679
1924
7035
21.0
2b6.8
1838
B7.2
741
1267
18675
469
2373
509
388.3
477.4
4209

3b3.3
4428
3849

June
3093
2151
B70.1
1662
2307
1159

2.4
29324
8232
495 6
10318
15.0
25326
B573.4
1318
9.3
1065 .8
144 3
75.4
16.2

16381

2872

69.3
3696
394
1028
354
8301

1203

3602
294
8399
162 4
356
367
63.3
1685.3
G696
3977
387
5301
2883
B09.2

3605
2099
4373

July
0.0
183
17h
9873
1736
451
103.4
14311
1282
821
3746
2664
3797
1838
969 .2
349
687
593
16584
369
8138
g2b
863
5332
1824
12.2
2393
1601
806
B3.2
731
1770
3456
b43
b23
79.1
86.0
924
356.8
456
g97.0
247
236.6

1062
18913
2008

Alg
b28.8
656
1864
3067
23.0
309
B3.2
146.4
394

89
6585
3442
36.0
1440
44 4
4538
32.1
696
51.9
676
430
853
B5.8
3297
365.0
1031
18356
2118
104.3
B5.6
83.7
353
418
B5.1
377
B2.3
334
561
1803
b5 B
BE7.0
91.3
166.0

7300

0
112

Sept
328.2
218
685
2156
48.8
36.8
349
28.1
1439
28.2
593
498
58.0
5.1
262
265
b6.2
342
3.2
344
166
411
97.1
465
438
260
-11.3
1294
245
518
56.4
1723
b0 B
b6.7
1312
4568
425
504
63.4
4118
554
9.0
60,7

687
631
65 5
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Angostura Reservair monthly change in EOM content, HYDROMET RES070 (cfs)
ECQM Content in cfs = Change in Content (AF) divided by 1.98347 divided by days in a month.

Year
1965

1984-97
1969-80
196697

Oct
-3.4
-74.2
578
-16.1
1145
100
2.4
122
255
-10.0
-238
288
-3143
477
-29.4
200
145
252
7.1
342
12.0
749
6.7
319
-168
=301
9.0
254
909
338
222
213
178.8
3.0
56
13.7
14.4
57
26
14.0
381
209
226

288
37
-0.3

Mo

83
-809
242
29
-453
17.1
1438
155
1.3
2.2
16
1786
326
273
218
227
247
425
292
472
40.3
16.4
158
207
185
200
189
229
40.4
328
308
208
52
22.3
187
258
211
32.0
196
-346
159
445
356

199
26.7
17.0

Dec
135
-16.7
297
-346
-39.9
228
225
165
191
10.0
2372
22.4
249
300
2372
307
257
303
245
395
235
384
204
281
331
208
386
250
2256
2849
247
238
-185b
266
240
26.0
205
275
2472
0.7
3249
271
312

21.4
282
202

Jan
19.1
-41.3
2bb
-38.2
-3b.3
249
231
196
236
193
30.4
248
384
333
259
225
226
235
303
90.4
253
292
223
266
307
2873
4210
251
235
369
29.0
291
406
203
21.2
259
216
29.4
271
455
456
3386
771

345
315
26.0

Feb
285
-405
431
-15.8
-41.6
322
236
109.0
161.3
296
37.4
352
878
559
3T
68.4
813
115.2
44 2
18.2
2h2
57.0
320
271
256
130.8
447
696
110.4
145.2
301
150.8
89.0
3.0
2h2
353
378
523
307
136.6
976
99.3
4390

104.0
b4.7
67.1

tar Apr
24b2 6931
bE1 664
932 1064
368 176.0
107 239
BT 208
290 12z
1180 9.1
1088 b7
B1.1 4.6
96,7 9z2b
1615 08
291 -3.0
1300 697
1897 4386
198 1172
1378 3734
324b 258
068 1106
G624 197
1808 2389
iz 45h
761 99.9
799k 734
7T -3.0
177 -183
308 -226
965 313
141 2.3
237 b 8b
1360 169
4023 343b
b6 23
722 -Zs4
787 302
1153 499
4567 264
b4 167
4280 2483
07 238
863 469
2306 1474
-6.0 38
1362 6628
1808 9338
1307 787
A-12

tay
349
-2249
818.8
-101.7
-3249
-228
16.2
11943
-4.7
-22h
3b4.6
-8H.8
70
-2h2
-205b
465
G4.7
-1.5
1867
-127.7
-4.2
-6.4
-b2.2
82.8
-396
-59.9
-23.7
276.2
-13.4
-1.5
-1265
36.8
-0.7
-39.1
36
59.3
9497
-66.3
-380
-69.2
298.b
16.4
0.0

738
4.8
792

Jun
-11.4
-409
-33.2
-H2.4
-41.0
-14.0

35
-335
32
2261
32
-1928

145
1460
=251
-18.3
-23.3

264
904
-164 9
£9.3
1773
-84
225
-307
207
-116.7
3960
35
-10.0
=181 =
200
504
-107.3
-66.3
210
-17.0
-116
275
-129.7
722
£2.0
-138

-3h 8
202
-11.1

Jul
-248.0
-3132
1477

460 6
-1199
-2354

-74 6

-16
-154 8
-2337
0.0
296

-386

-1398

97.7
-284.0
-2338
2472
-1b82
-2883
-209.7
-2047
-1636

1.7

931
-322.0

b2
-136.2
-1941
2118
-224 6
-1289
-247.3
-231.1
-124.0
-182.7
-1B6 2
1067

-17.0
-236.3
-1966
-298.2

-45 6

-169.8
-1746
-141.3

Aug
1880
-234.4
-107.7
-22b.0
-328.3
-169.4
-479
-191.1
-23b.9
-28b.9
2115
109.3
-2b6 5
-116.1
-2h1.2
-2bb .7
-284.3
-2195
-231.1
-186.6
-279.0
-146.3
-167.0
-81.0
1144
-170.0
=161
-85 7
-169.4
-241.4
-178.1
2167
-239.0
-171.0
-146.2
-133.9
-206.6
2146
-6h 6
-230.1
-270.5
-211.2
-4149

-183.2
-179.8
-169.8

Sep  Mean
734 842
-2035  -899
-1200  B12
-219.2 -2
-118.4 -6b6
-618 -183
-2.8 28
-1489 9335
14.8 -1.8
-7k -193
-/ag 2748
-109.1 3b
-123.2 422
-7 78
-166.7 -6.9
-107.1 =240
-4k 107
-104.2 34
208b 222
-Bb1 -4286
-116.0 -0.2
-109.0 1.0
-461 -19b
-100.4 748
-116.8 -0.3
-106.2  -4335
-198.1  -31.9
-6b4  bBhLE
-1425  -17.0
-129.7 BT
-6bb  -86b
bd4 632
611 -247
645 -38b
b8.3 -b.9
-39.2 12
-116.0  B3b
-109.4  -245
-8z0  b0G
600 -448
-1266 116
=451 03
-1126 3656
-64.2 26
-i4.3 -2
-80b 12
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Angostura Reservair maonthly historic evaporation (cfs)

Tear Oct Mo Cec Jan Feb Mar Apr kay Jun Jul Alg Sep Mean
1955 1.1 53 0.0 0.0 0.0 00 10.4 132 18.6 29.0 291 200 11.4
1956 161 71 0.0 0.0 0.0 0.0 10.8 12.4 17.3 264 243 14.8 10.7
1957 105 5.0 0.0 0.0 0.0 0.0 87 11.8 18.6 292 285 183 10.9
1958 13.6 65 0.0 0.0 0.0 00 10.2 11.9 16.5 280 292 18.4 1.2
1959 13.2 B2 0.0 0.0 0.0 0.0 96 111 16.4 240 220 131 95b
1960 9.7 47 0.0 0.0 0.0 0.0 82 96 13.3 202 18.4 115 8.0
19861 86 41 0.0 0.0 0.0 00 6.8 8.0 11.4 17.9 17.6 115 72
1962 87 42 0.0 0.0 0.0 0.0 b 111 18.7 299 297 18.9 10.7
1963 14.1 68 0.0 0.0 0.0 0.0 11.4 13.2 18.6 294 284 18.8 1.7
1964 13.9 66 0.0 0.0 0.0 00 10.7 12.6 18.1 291 275 17.8 1.3
1965 12.8 6.1 0.0 0.0 0.0 0.0 10.3 12.7 18.6 299 2986 19.0 1.6
1966 14.3 6.9 0.0 0.0 0.0 0.0 11.4 131 17.8 281 29.0 19.3 1.7
1967 14.1 66 0.0 0.0 0.0 00 11.0 12.8 18.1 29.0 28.0 17.6 11.4
1968 13.0 B2 0.0 0.0 0.0 0.0 105 122 17.6 283 275 17.9 1.1
1969 13.4 6.4 0.0 0.0 0.0 0.0 10.8 12.6 17.6 2886 283 177 1.3
1970 13.1 6.3 0.0 0.0 0.0 00 10.6 12.7 17.9 273 254 157 10.7
1971 1.6 5B 0.0 0.0 0.0 0.0 10.3 12.8 18.2 280 262 165 10.8
1972 12.3 6.0 0.0 0.0 0.0 0.0 10.9 12.8 18.1 280 264 16.8 10.9
1973 125 6.0 0.0 0.0 0.0 00 101 12.8 17.6 272 261 17.8 10.8
1974 135 Bb 0.0 0.0 0.0 0.0 1.0 125 16.9 253 233 145 10.3
1975 10.9 b3 0.0 0.0 0.0 0.0 98 1.7 16.6 262 242 147 9.9
1976 10.8 b2 0.0 0.0 0.0 00 93 10.9 16.7 250 236 147 96
1977 10.8 b2 0.0 0.0 0.0 0.0 9.0 10.6 145 219 208 13.4 8.8
1978 101 49 0.0 0.0 0.0 0.0 10.6 12.7 18.1 29.0 291 18.7 1.1
1979 13.9 6.7 0.0 0.0 0.0 00 1.0 12.7 17.6 207 282 18.8 11.4
1980 13.8 66 0.0 0.0 0.0 0.0 1.0 12.6 17.4 267 250 157 10.7
1981 1.6 5B 0.0 0.0 0.0 0.0 9.4 10.8 14.6 22b 218 136 9.2
1982 9.8 4.7 00 0.0 0.0 00 82 10.3 16.5 277 269 17.4 101
1983 13.2 Bb 0.0 0.0 0.0 0.0 10.8 125 17.6 273 26.0 16.3 10.9
19584 121 59 0.0 0.0 0.0 0.0 10.8 12.6 17.6 272 254 157 10.6
1985 1.6 5B 0.0 0.0 0.0 0.0 97 1.0 14.7 217 19.7 12.8 89
1986 9.2 45 0.0 0.0 0.0 0.0 10.0 12.4 17.6 277 264 171 10.4
1987 13.4 66 0.0 0.0 0.0 0.0 10.8 125 175 267 247 15.4 10.6
1988 1.5 5B 0.0 0.0 0.0 00 9.2 10.6 14.4 213 19.3 121 87
1989 9.0 43 0.0 0.0 0.0 0.0 74 8.7 12.0 18.3 17.3 1.2 7.4
1990 86 42 0.0 0.0 0.0 0.0 74 89 12.7 19.4 18.2 11.6 76
1991 87 42 0.0 0.0 0.0 00 71 10.4 17.7 27hb 261 16.4 9.8
1982 12.2 b9 0.0 0.0 0.0 0.0 98 1.z 16.6 245 232 142 9.7
1993 105 51 0.0 0.0 0.0 0.0 10.3 12.4 175 281 280 18.2 10.8
1994 13.6 65 0.0 0.0 0.0 00 10.7 12.4 16.8 253 233 14.4 10.2
19395 10.9 b3 0.0 0.0 0.0 00 9.4 11.6 17.4 273 254 18.7 10.2
1996 1.6 5B 0.0 0.0 0.0 0.0 105 125 175 264 243 1538 10.3
1997 1.5 5B 0.0 0.0 0.0 0.0 10.8 125 17.6 279 278 18.0 1.0

tean

1984-97 1.0 b3 0.0 0.0 0.0 0.0 96 1.4 16.2 250 235 14.8 9.7
1969-80 12.2 59 0.0 0.0 0.0 00 10.4 12.2 17.2 267 255 16.2 105
1955-97 11.8 b7 0.0 0.0 0.0 0.0 99 11.8 16.8 262 251 159 10.3

A-13 Appendix J-34



Angostura Reservoir Historic Monthly Canal Discharge, HYDROMET RESOT0 (cfs)

Tear Qct Mo Dec Jan Feb har Apr tday Jun Jul o Aug Sep Mean
1955 0.0 0.0 0.0 0.0 Q.0 Q.40 Q.0 00 b21 1870 1755 1092 437
956 1856 0.0 0.0 0.0 Q2.0 20 101 81.3 1647 2407 2244 1664  7bE
957 651 0.0 0.0 0.0 0.0 0.0 00 130 790 2244 2670 1878 647
958 342 0.0 0.0 0.0 2.0 Q.0 00 1bb 1B13 1803 2Y3Z2 19186 797
959 604 0.0 0.0 0.0 Q.0 Q.0 00  b37¥ 218b 2228 2092 1277 810
960 0.0 0.0 0.0 0.0 Q.0 Q.40 00 374 908 2358 1661 B7.1 48.1
961 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 34 12b2 B33 00 184
962 0.0 0.0 0.0 0.0 0.0 0.0 o943 218 1122 2358 1328 499
963 55 0.0 0.0 0.0 Q.0 Q.0 o797 b7l 21683 2198 Y389 b4B
964 16 0.0 0.0 0.0 0.0 0.0 4 911 867 2488 2423 823 634
96b 163 0.0 0.0 0.0 0.0 0.0 0 276 454 1447 2212 874 4B2
966 260 0.0 0.0 0.0 0.0 0.0 0 781 1647 16765 1661 1076 B33
967 244 0.0 0.0 0.0 2.0 Q.0 & 634 67 11bb 238 1344 bBO2Z
968 407 0.0 0.0 0.0 Q.0 Q.0 7 683 487 1838 1887 968  bZ3
969 309 0.0 0.0 0.0 0.0 0.0 1171 1092 11bb 2374 1462 643
970 244 0.0 0.0 0.0 0.0 0.0 0 368 101 2683 2663 857 bGSB
971 33 0.0 0.0 0.0 0.0 0.0 0 407 b0O4 2342 2683 790 BB3
972 49 0.0 0.0 0.0 Q.0 Q.40 374 bbb 2505 2397 958 bBVEB
973 146 0.0 0.0 0.0 0.0 0.0 : 61.8 1260 2635 2326 487 B23
974 33 0.0 0.0 0.0 0.0 00 134 1122 1878 276bH 1984 bB21 B6.1

— R
P00 >

= @
o

975 0.0 0.0 0.0 0.0 00 00 00 683 bzl 2277 2V16 B840  GBB
976 0.0 0.0 0.0 0.0 0.0 0.0 00  b69  bBO4 238 1773 10V6  bE23
977 Q.0 2.0 0.0 0.0 0.0 0.0 00 634 1059 2033 1864 1025 BBAO
978 0.0 0.0 0.0 0.0 0.0 0.0 00 bb3 126 2716 2035 102b BZA1
9v9 293 0.0 0.0 0.0 00 00 17 829 7TFS 2212 1773 1128 B8b

980 342 0.0 0.0 0.0 00 00 188 862 840 2879 2261 924 B9.0
951 0.0 0.0 0.0 0.0 0.0 00 2bz  bBOD4 1143 2472 2814 138b  TN1b
98z 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 154 2049 2293 1428 492
983 16 0.0 0.0 0.0 0.0 0.0 67 423 bbb 2212 2147 1277 bb8
954 0.0 0.0 0.0 0.0 00 00 00 374 336 2098 2637 1328 GBbB
965 0.0 0.0 0.0 0.0 0.0 00 1b1 M2z 1183 2637 2147 V13 6BO
966 0.0 0.0 0.0 0.0 0.0 0.0 00 3089 622 1870 1984 5VZ2 46h
987 0.0 0.0 0.0 0.0 0.0 0.0 00  b20  ThE6 2261 2285 672 b4z
968 Q.0 1.7 0.0 0.0 0.0 00 464 651 1042 2407 1903 V73 604
989 2.0 0.0 0.0 0.0 0.0 0.0 00 32k 622 1317 141k 318 333
990 0.0 0.0 0.0 0.0 0.0 0.0 00 146 519 18b4 1447 420 3449
991 0.0 0.0 0.0 0.0 00 00 0.0 98 264 17b6 1838 1126 424
992 0.0 0.0 0.0 0.0 00 00 00 764 386 14371 2228 1143 482
993 Q.0 2.0 0.0 0.0 0.0 0.0 00 458  bBO4 1740 1838 8VhH 462
994 0.0 0.0 0.0 0.0 0.0 0.0 00 764 1193 2293 2342  b3§  b9A4
995 0.0 0.0 0.0 0.0 0.0 0.0 0.0 o0 218 2007 263bL 1311 b1b
996 0.0 0.0 0.0 0.0 00 00 00 38 YRE 2570 2423 6bh GBBA4
997 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 437 1838 1236 1143 388

1984-97 0.0 0.0 0.0 0.0 0.0 43 423 615 1999 2019 846 4986

0.1
1869-80 121 0.0 0.0 0.0 2.0 Q.0 46 632 808 2380 2227 924 L9B
1856-97 100 0.0 0.0 0.0 Q.0 Q.0 45 bB36 74b 2080 2134 878  bbB2
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Angostura Reservoir Monthly River Discharge (cfs)
River=Inflow-content-evap-canal

Year Oct Moy Dec Jan Feb tdar Apr b ay Jun Jul Aug Sep  Mean

1965 1356 0.0 25 0.0 03 04 1436 2902 2112 759 577 528 07
1966 525 8849 86.0 85.0 80.9 886 86.9 86.9 387 347 214 17.3 54.7
1967 0.0 0.0 0.0 0.0 a1 0.0 0.0 4737 b08Y 22h 0.8 09 8349
1968 0.0 31.7 50.9 577 57.2 543 0.4 19 00 2172 1974 08 55.8
1968 59.0 475 56.2 533 578 0.0 0.2 07 2.1 0.0 5.4 0.0 23h
1980 0.0 0.0 0.0 0.0 02 05 0.0 0.2 0.6 05 1.4 49 0.7
1961 0.0 0.0 02 0.0 0.0 0.2 0.0 02 0.4 0.0 11 0.0 0.2
1962 02 0.4 0.0 0.0 0.8 0.7 Q.1 T80b 28247 12288 44.3 06 4068
1963 0.0 0.4 0.4 0.0 08 196 703 679 6571 0.2 0.0 05 68.1
1964 1.0 0.6 0.0 0.0 0.0 0.0 05 02 1104 11.1 0.0 0.0 10.3
1966 0.0 0.8 0.0 0.0 0.4 0.0 0.0 393 8991 1369 0.0 03 89.6
1966 0.0 0.7 0.4 0.0 08 1mz 92.0 27 0.2 0.0 0.0 08 17.4
1967 3451 0.0 0.0 0.0 04 1709 726 1087 18480 2080 0.8 00  229&
1968 0.0 0. 0.0 0.0 0.0 0.0 0.0 00 2918 7.4 1.4 0.0 251
1969 0.0 0.3 0.0 0.0 07 209 129 3.1 08 6739 Q. 0.1 59.4
1970 0.4 0.0 02 0.0 0.0 05 0.0 75 0.0 0.0 0.0 06 0.8
1971 0.0 2.0 0.3 0.0 0.0 05 0.0 12740 9211 0.9 Q.0 09 1831
1972 0.0 0.2 06 0.0 0.0 0.3 0. 1.8 5.9 1.3 0.0 0.0 0.9
1973 0.0 0.1 0.0 0.0 08 0.0 0.4 947 0.0 0.0 0.1 1.0 a1
1974 1.1 Q. 0.0 599 1611 53.1 92.6 0.0 0.2 0.0 0.7 02 299
1975 0.0 0.0 0.0 0.0 a1 0.0 0. 0.0 0.0 0.0 0.0 45 0.4
1976 0.0 0.2 06 0.0 06 0.1 0.7 0.4 0.3 0.0 0.0 02 0.3

1977 03 0.0 08 0.0 04 03 0.3 09 06 02 0.0 0.0 0.3
978 0.3 0.0 0.0 0.0 0.0 07 0.0 23847 2313 1951 151.2 00 24649

1
1979 149 00 0.0 00 0.0 1793 1516 0.0 0.0 0.4 00 0.0 278
1930 0.0 0z 03 o0 38 1449 695 0.4 0.0 00 0z 0.0 254
1981 06 07 0.4 00 0.3 01 0.0 0.0 0.0 0.0 00 30 04
1982 0B 00 0.0 00 0B 00 03 0.0 2832 321 05 0.0 265
1983 0.0 0z 116 Zb 3 408 0.0 707 1001 121 0.0 36 01 206
1934 0.0 00 04 00 0.0 878 130.3 BG4 .7 2327 0.0 1.3 0.0 843
1985 0.3 0h 0.0 00 06 06 0.0 01 0.0 12 06 1.1 04
1986 0.4 00 06 00 05 0.0 0.0 1314 B06.1 476 00 0.0 gh b
1987 287 40 6 49 4 o0 425 5178 1835 gb 3 0.0 1.0 00 0.0 gh bk
1988 34 41 26 1.7 1.0 26 24 25 21 17 0.4 21 22
1939 17 21 2.0 1.7 18 26 1.0 23 22 16 0k 2.7 1.9
1990 36 53 4.9 67 4.3 34 4.9 47 5.0 31 83 7.4 B2
1991 78 66 55 43 5.4 47 52 6308 14647 6.7 22 2.1 182.2
1992 33 24 18 16 17 23 0.4 0.0 1.0 0.8 00 0.0 1.3
1993 04 05 0z 00 0.0 00 271 1773 239.0 1076 34 0.0 46.3
1994 17.9 500 286 1.0 2.1 6076 310 324 37 12 B2 5.3 Bbb
1995 6.3 57 45 46 5.0 25 76 152 3205 116 27 0.0 322
1996 17 03 0k 0z 0.0 0.4 5.1 3370 2088 5.1 32 g.0 473
1997 935 1.2 75 34 20749 674.4 3702 3602 4449 3.0 1.1 0.4 1741
Mean
1984-97 5.9 9z 7.5 22 195 1362 5449 1703 2670 137 21 21 567
1969-80 03 0 0z 50 202 334 273 3140 96.7 726 127 0B 436
1966-97 13.0 7.0 7.4 73 17.8 662 380 1885 2804 707 120 25 60.0
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Evaporranspiration from the river bottorn from the dam to Buffalo Gap
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Year
1955
1956
1957
1963
1959
1960
1961
1962
1963
1964
1965
1966
1967
1963
1969
1970
1971
1972
1973
1974
1975
1976
1977
1973
1979
1980
1981
1982
1983
1934
19856
1986
1987
1983
1989
19390
1991
1992
1993
1994
1995
1996
1997
Mean
1984-97
1969-80
1955-97

Total Buffalo Gap out (EOM Content diff+Res Evap+Canal+ET from bottom of river)

Oct
116
-356
117
3BT
-46.9
237
21.0
249
501
95
9.3
731
2718
100
189
2156
334
46.4
382
BB.0
26.8
227
216
46.0
314
2149
245
392
1097
499
378
345

43.8
32.0
2565

W
136
-13.8
291

36
=391
218
189
197
181

4.4
177
245
393
S35
283
290
303
485
3b2
h3.7
45 6
216
210
256
252
266
245
276
469
386
365
2h3

15
295
231
300
253
379
247
281
21.2
b2
392

263
326
227

Dec
13.8
-16.7
297
-346
-399
228
225
165
191
100
232
224
249
300
232
307
257
303
245
395
235
364
204
281
331
208
386
250
226
289
247
238
-1856
266
240
260
205
275
242
07
329
271
312

21.4
28.2
202

Jdan
19.1
-41.3
2hhb
-382
-35.3
249
231
196
236
193
304
243
364
333
259
226
226
235
303
0 4
253
292
223
266
307
283
4210
251
235
369
290
291
406
203
212
259
216
294
271
456
456
336
T

345
315
26.0

Feb
285
405
431
-16.8
416
322
236
109.0
161.3
296
374
362
378
SIoRe]
3T

136.6
976
99.3

489.0

104.0
54.7
67.1

March
2452
h6.1
932
3638
1067
1557
290
118.0
1088
511
96.7
1615
291
1305
1597
1198
1378
3245
1058
62.4
180.9
1072
761
79956
7T
177
308
965
141
2375
136.0
4023
156
T22
187
1163
457
514
4280
0
8h.3
2306
5.0

1352

180.8
130.7

A-17

April
70350
-4b 5
1161
186.1

334

289

19.1

183

187
1037
10238

122

248

813

745
1278
3837

May
211
748
84756
297
3538
282
282
13036
922
851
3989
9.4
§7.2
59.3
1131
989
1222
527
26338
10
79.8
6b.4
2h8
16438
601
3238
415
2905
45 .4
525
0.7
54.0
67.8
405
4538
96.8
9739
254
267
236
3141
65.8
165

131.4
89.2
1486

June
67.4
1491
723
1233
2009
9381
32
151
87.0
3379
7h3
2.2
473
2204
1097

492
105
107.8

14.4
119.4
392
555

49.9
86.9
88.2

July
=200
-34.1
1179
690.9
138.8

326

80.6
162.6
102.9

56.2
186.7
237.2
117.9

843
2538

236

403

433
1445

255

bb.2

58.1

736
3243
167.7

2260
108.4
BE5
372
52.8
97.8
176
429
38.1
54.2
59.0
3.0
197.1
30.3
443
2.8
1781

57.1
1021
104.9

Aug
4048
264
1397
8956
49
17.1
499
86.4
240

51.3
306.4
19.3
113.0
265

39.4
30.4
67.4
1215

542
30.4
308

418
16.2
283
437
277

43.2
423
41.3

Mean
1433
0.4
1308
921
289
417

7ih
234
5.2
126
47.4
81.8
76.0
99.2
37.8
724
57.0
483
162.0

646
42 4
1231

288
774
709
90.2

55.9
724
0.6
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Total Buffalo Gap In minus Cut

Year Oct Mow Dec Jan Feb March  April May  June JulAug Sept Mean
1866 400 319 387 363 360  7V6 2180 3273 2419 900 1241 1175 116D
1856 829 1234 1298 1278 1303 1286 1166 1198 660 B24 3892 363 G962
1957 214 298 367 3B 3¥6 383 bB3b T21b5 BSYY  B3H  1BY 244 1388
1868 329 709 864 98B0 9¥4 992 B1Z2 279 329 2864 2163 227 947
1959 8V9 828 942 913 934  B20 294 302 299 347 180 184 bh2
1960 267 362 372 37hR 0 3¥V 478 297 246 178 12B 138 220 288
14961 187 299 383 377 357 342 267 237 213 223 132 181 26.4
1862 225 327 366 347 379 428 268 8400 29174 1278H 600 173 4465
963 307 382 337 363 465 732 106bE 943 7367 263 154 239 1063
964 342 399 3638 34L 348 341 407 278 1B8B 2B9 130 180 414
96b 281 368 858 374 376 3B9 334 117bH 9b6L 1878 172 247 1287
966 347 387 37b 370 382 1963 1306 265 173 281 378 240 B3.7
1867 3764 335 359  36b 386 2067 1115 1472 24853 26018 167 211 3143
1968 209 390 386 397 428 3683 971 489 4530  69bH 310 245 797
1969 297 344 313 3B 3¥Y 632 480 243 2271 Tb4 178 190 803
1970 325 312 333 312 339 367 37 307 227 113 118 232 278
1971 308 318 316 337 387 37bH 379 1414k 10125 184 98 27z 2270
1972 297 384 409 344 364 407 302 2¥9 3864 18L 116 178 300
1973 267 320 354 342 381 475 611 1B0B 141 139 123 287 412
18974 282 290 333 1064 1978 877 16b2 227 1756 104 104 148 602
18976 226 317 323 336 338 342 317 220 220 2B 1440 249 274
1976 204 289 319 338 3638 367 313 340 368 144 188 198 283
1977 2867 317 346 332 322 320 314 250 198 132 147 194 267
18978 274 366 348 345 348 1026 305 24497 2634 20889 1664 177 2837
1979 303 329 363 363 362 2188 1843 223 177 147 331 212 B0
1980 2¥8 338 338 369 1496 1873 1070 198 147 7B 100 180 538
14981 248 351 331 327 328 304 23 232 162 127 184 257 267
1982 277 314 336 332 347 323 288 B74 3967 517 391 26H 6638
1883 31.7 347 453 B9S  Tb2 1241 1063 1470 354 142 211 149 597
1984 243 336  31bH 360 369 1206 1738 6B10 3110 260 189 248 1239
18986 312 374 36bL 302 3438 387 274 203 188 103 164 243 270
1986 309 347 374 36 417 826  80BL 1728 7327 792 142 257 1140
1987 608 740 818 331 826 BO03 2303 1211 1M1 177 146 211 1198
18988 320 368 369 38bH 3¥Y3  3V3 278 267 162 11b  14b 238 283
1989 285 364 343 348 3B 30 306 253 208 142 132 217 274
1990 267 368 372 404 38B 3WT 332 289 Y 148 21z 232 312
14991 298 387 327 39 385 387 414 8838 16497 271 172 215 2294
1992 3265 344 352 360 367 347 342 218 240 194 127 233 28b
993 282 3B2 333 326  32b 1072 1133 2108 2943 1697 220 287 913
994 bB2BH 863 637 347 367 6B1bH 694 BYZ 243 162 162 264 943
996 282 3b8 378 386 4383 3868 48b 742 4107 b2V 26b 271 V1.8
996 3Y6E 347 381 376 36b 3¥8 472 4087 2492 275 239  3b3 848
1897 428 498 45L  BBS 2688 Y139 4133 4044 BB3S  BBE 34B 330 2222

1984-97 347 432 416 371 554 1830 883 2219 3106 381 189 28b 524

1969-80 276 32858 341 403 b8Y 773 B63 3bB3bL 1238 892 2Vv6 207 V43
1966-97 410 40 422 429  bb4 1111 791 2363 3492 959 304 264 963
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Return Flow

“ear Oct Moy Dec Jan Feb March  April May  June July  Aug Sept Mean
1986 419 348 314 208 271 267 236 288 364 366 414 490 337
1966 419 348 314 208 271 267 236 288 364 366 414 490 337
1967 419 348 314 208 271 267 236 288 364 366 414 4900 837
1968 419 348 314 208 271 267 236 288 364 366 414 490 337
1968 419 348 314 208 271 267 236 288 364 366 414 490 331
1960 419 348 314 2086 271 267 236 288 364 366 414 490 331
1961 419 348 314 206 271 27 236 288 564 366 414 490 531
1962 419 348 314 208 271 267 236 288 364 366 414 490 337
1963 419 348 314 208 271 27 236 288 564 366 414 490 531
1964 419 348 314 208 271 267 236 288 364 366 414 490 337
1966 419 348 314 208 271 267 236 288 364 366 414 490 337
1966 419 348 314 208 271 267 236 288 364 366 414 4900 837
1967 419 348 314 208 271 267 236 288 364 366 414 490 337
1968 419 348 314 208 271 267 236 288 364 366 414 490 331
1969 419 348 314 2086 271 267 236 288 364 366 414 490 331
1970 419 348 314 208 271 27 236 288 564 366 414 490 531
1971 419 348 314 208 271 267 236 288 364 366 414 490 337
1972 419 348 314 208 271 27 236 288 564 366 414 490 531
1973 419 348 314 208 271 267 236 288 364 366 414 490 337
1974 419 348 314 208 271 267 236 288 364 366 414 490 337
1976 419 348 314 208 271 267 236 288 364 366 414 4900 837
1976 419 348 314 208 271 267 236 288 364 366 414 490 337
1977 419 348 314 208 271 267 236 288 364 366 414 490 331
1978 419 348 314 208 271 267 236 288 364 366 414 490 331
1979 419 348 314 208 271 27 236 288 564 366 414 490 531
1980 419 348 314 208 271 267 236 288 364 366 414 490 337
1981 419 348 314 206 271 27 236 288 564 366 414 490 531
1982 419 348 314 208 271 267 236 288 364 366 414 490 337
1983 419 348 314 208 271 267 236 288 364 366 414 490 337
1984 419 348 314 208 271 267 236 288 364 366 414 4900 837
1986 419 348 314 208 271 267 236 288 364 366 414 490 337
1966 419 348 314 208 271 267 236 288 364 366 414 490 331
1967 419 348 314 208 271 267 236 288 364 366 414 490 331
1968 419 348 314 208 271 27 236 288 564 366 414 490 531
1989 419 348 314 208 271 267 236 288 364 366 414 490 337
1960 419 348 314 208 0 271 27 236 288 564 366 414 490 531
1991 419 348 314 208 271 267 236 288 364 366 414 490 337
1992 419 348 314 208 271 267 236 288 364 366 414 490 337
1993 419 348 314 208 271 267 236 288 364 366 414 4900 837
1994 419 348 314 208 271 267 236 288 364 366 414 490 337
1985 419 348 314 208 271 267 236 288 364 366 414 490 331
1996 419 348 314 2086 271 267 236 288 364 366 414 490 331
1997 419 348 314 208 271 27 236 288 564 366 414 490 531
tean
1984-87 419 348 314 206 271 27 236 288 564 366 414 490 531
1969-80 419 348 314 208 271 267 236 288 364 366 414 4900 837
198697 419 348 314 208 271 267 236 288 364 366 414 490 337
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Cheyenne River at Buffalo Gap with Reservoir (Buff In and Qut plus Return Flow )
Year Qect Mow Dec dan Feb  March April tay June July Aug Sept  Mean
19565 819 BB.7 701 b6.9 B3.1 1038 2416 38661 2783 1266 1666 1665  148)
966 1248 1682 1612 1485 1674 1BB2 1402 1487 1024 89.0 806 863 1298
987 B33 B4.6 B7.1 B8.2 B4.7 B2.0 771 76038 6347 90.1 b7.1 734 1M7
9b& 748 1067 1178 1166 1245 1249 748 b6.7 B9.3 8880 2677 iy o122
968 1298 1174 1266 1118 12056 7 b3.0 59.0 B6.3 7.3 b9.4 674 88.3
960 BE6 7.0 B3.6 581 B4.8 735 b2.7 634 b4.2 49.1 bb.2 7.0 B1.7
961 BOG B4.7 67.7 577 B2.8 b9.9 50.3 519 57.7 59.4 546 B7.1 595
962 B4.4 B7.5 B7.0 bb.3 B5.0 B85 b04 8688 29538 13161 1014 BE3 4786
963 726 73.0 5.1 5b.9 736 989 1291 1231 Ti2h B2.9 bG8 779 1584
964 761 4.7 B7.2 551 61.9 b9.8 64.3 bEB 1950 B2.5 b4.4 B7.0 745
966 B5.0 76 67.2 58.0 B4.7 B1.6 b70 1468 89923  224b b3 .6 737 1618
1966 766 729 65.9 576 853 2210  1B42 543 537 64.7 792 731 86.8
1967 4183 68.3 67.3 571 BbY 2824 13b1 1760 26217 2984 551 0 474
1968 FAR: 73.8 0.0 b9y 69.9 815 1207 77 4804 1061 724 73bh o 1122
1969 70 89.2 627 B6.2 B4.8 93.9 716 531 b8b  7B20 b9.2 B8O 1284
1970 744 B6.0 B4.7 b1.8 B1.0 B1.8 BO.7 b8.9 b8k 479 b3.2 722 B0.9
1971 727 B6.4 B3.0 543 Bb.8 B3.2 B1b 14433 10488 B0 b1.2 762 2601
1972 7o 73.2 723 Bb.O B36 Bb.8 b3.8 B8.7 728 53.1 b3.0 B6.8 B3.1
1973 B8.0 B6.8 BB.8 b4.8 Bb.2 73.2 847 1794 BO& b0k b3.7 7T 743
1974 701 £3.8 B47 1270 2249 1184 1838 509 b3.9 47.0 b1.8 B3.8 934
1975 645 B6.5 63.7 b4.2 60.9 b9.9 bb.3 b0& b8.4 B2.2 bbb 739 605
1976 B2.3 B3.7 63.3 b4b B2.4 B0.8 b4.9 628 722 51.0 B0.2 B8.8 61.4
1977 BE6 Bb.9 B6.0 b38 b9.3 b7.7 bb.0 b38 b6.3 498 b6 65.4 b9.2
1978 693 7.4 B6.2 551 B1.3 1283 b41 24785 2898 246b 2078 BEY 8162
1979 722 B7.7 B7.7 56.9 B33 2445 2079 511 535 51.3 745 702 901
1980 B9.7 B8.6 Bb.2 brb 1767 2130 1306 487 505 442 514 B4.0 86.7
1981 B6.7 69.9 645 533 59.9 56.1 471 520 516 49.3 608 747 588
1982 69.0 66.2 65.0 538 61.8 58.0 h22 962 43256 88.3 805 hh 99.9
1983 730 695 6.7 805 1025 1498 1208 1758 7.8 508 625 63.9 92.2
1984 B6.2 68.3 62.9 bh6 640 1462 1974 6798 3474 B2.6 60.3 738 1671
1985 731 722 679 b0.8 B1.4 B3.8 b1.0 491 Bb.2 46.9 bB.8 733 B0
1986 728 B5.9 63.8 571 B85 1083 1041 20016 7685 1168 bb 6 747 1471
1987 1027 1088 1132 37 1097 681680 2638 1499 1481 b3.7 bB.0 701 1630
1988 739 76 B3.3 591 B4.4 £3.0 b1.4 Bbhk b2.6 48.1 bb .9 728 B1.4
1989 704 70.2 Bb.7 bb.4 B2.6 B0O.7 b4.2 b4 b7.2 b0.8 b46 707 BO.6
1990 B76 e B3.6 B1.0 Bb.6 63.4 B1.8 b7.7 B3.1 b1b 626 722 64.3
1991 i b 641 b66 B6.6 63.8 B0 9124 16861 B3.7 b3 6 b 2625
1692 744 69.2 B6.6 bb.7 B2.2 60.4 b78 504 604 56.0 b4 723 61.6
1993 701 70.0 647 b3.2 b9s 1529 1369 2394 3307 1963 63.4 7
1994 944 1211 95.1 547 B28 6772 93.0 86.0 B0O.7 51.8 576 744
1995 71 706 69.2 b9.2 70.4 B2.6 721 1080 4477 89.3 67.9 76.1
1996 79.4 739 B35 b2 B3.6 B3.5 708 4375 28h6 64.2 B5.3 843 .
1997 847 84.6 76.9 7ih 2868 7396 4368 4332 boo2 95.1 7H9 820  2BB3G
1955-97 Predicted with Angatura Reservoir

Mean 829 ha 736 B35 82b 1868 1027 28B7 38b85  132b 718 744 1280
Max 4183 1682 1812 148hH 2869 7396 4368 24785 289B35 13151 2677 166b 47886
90th 924 101k 91.4 7889 1287 2300 1967 7362 9488 2413 806 778 2b92
7bth 746 729 69.4 581 B9.4 1806 1302 1906 4398 926 B6.6 747 1476
bOth i 0.0 67.2 B6.2 B4.7 B85 708 7T 722 B25 b3 .6 723 99.9
2bth BEE B7.1 5.1 b47 B25 B1.7 b4k 539 57.4 b0.9 bb.3 B36 B2.4
10th B46 669 B3.8 b3.7 B1.1 b9.9 b16 51.0 b3k 483 b3.3 B6.7 BO&
Min BOG B3.7 B2.7 B0.8 b9.3 B6.1 471 437 B0& 442 b1.2 B3.8 b8.8
STD B36 184 195 211 485 1671 751 4496 6191 2187 404 16.0 887
1963-80 Predicted with Angostura Reservair

Mean 695 67.4 6.5 609 868 1030 899 5823 1803 1268 69.0 B9.7 1124
Max 744 73.2 723 1270 2249  244hH 2079 2478bH 10489  7h20 2078 77 5162
90th 726 7z 676 b74 1666 2045 1830 13169 2681 2271 731 760 24656
7bth 713 68.8 B6.4 56.4 Bb4 1172 96.2 919 72.3 56.8 5956 726 1008
50th 699 B6.6 B5.0 54.9 63.4 69.5 611 5b.3 5856 51.2 546 656 805
2bth 684 66.0 636 b4.3 B1.7 615 bb .0 511 b3.8 49.3 b2 66.8 61.3
10th 648 64.0 63.0 b3.9 60.9 60.0 b4.2 50.9 b0.8 471 b1.4 643 605
Min 623 83.7 B2.7 518 £9.3 b7 b3.8 487 bob 44.2 b1.2 638 b9.2
STD 32 2.7 25 200 b2.4 BO.7 b29 7877  27bb 1963 423 43 8156
1969-80 Historic

Mean 708 70 B1E S 862 1006 875 83837 1bb2 1261 659 03 107
Max 83.7 841 774 983 28B4 2626 1903 19090 10890 8663 1469 954 2625
7bth b3 731 723 B33 788 1168 838 94k 79.8 64.9 676 B4 1022
bOth B3E 70.0 5.1 591 64.4 7.0 703 B0.0 b7.2 54.1 b9k B6.3 6.3
2bth B7.0 64.3 b4.9 511 B0.2 64.0 B0.8 570 b0b 6.8 b0.0O BOB B6.1
Min 631 B2.6 347 397 b4.9 b7h 45 6 b06 323 207 439 bb 6 b6.5
STD 59 B.1 13.1 147 49.7 58.3 460 6011 2791 223 26.4 12.4 B7.5
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Reservoir Evaporation for pass thru condition based on surface area of 2,000 acres

“ear QOct Miw Dec Jan Feb fdar Apr bl ey Jun Jul o Aug Sep  Mean
1965 B3z 303 0 0 0 o an b4 771 1238 1264 836 b4
1966 632 303 4] a 0 o 47 L4y 771 1238 1264 8356 L4
1967 632 303 0 0 0 o 47 b4y 771 1238 12B4 836 b4
19568 832 303 4] Q 0 o 47 L47 771 1238 1264 836 L4
1959 832 303 4] Q 0 o 47 B47 771 1238 12B4 835 L4
1960 632 303 0 0 0 o 47 b4y 771 1238 12B4 836 L4
1667 .32 303 4] Q 0 o 47 B4y 771 1238 12B4 836 L4
1962 B32 303 4] a 0 o 47 B47y 771 1238 12B4 836 L4
1963 632 303 4] 0 0 o 47 547 771 1238 1264 8356 b4
1964 632 303 0 0 0 o 47 b4y 771 1238 12B4 836 b4
1965 632 303 0 0 0 o 47 b4y 771 1238 12B4 836 b4
1966  B32 303 4] Q 0 o 47 B47 771 1238 12B4 835 L4
1967 632 303 0 0 0 o 47 b4y 771 1238 12B4 836 L4
1968 632 303 0 0 0 o an B4 771 1238 1264 836 L4
1969 B32 303 4] Q 0 o 47 B4y 771 1238 12B4 836 L4
1970 B3z 303 0 0 0 o an B4 771 1238 1264 836 L4
1471 632 303 4] 0 0 o 47 547 771 1238 1264 8356 b4
1972 632 303 0 0 0 o 47 b4y 771 1238 12B4 836 b4
1973 832 303 4] Q 0 o 47 L47 771 1238 1264 836 L4
1974 B32 303 4] Q 0 o 47 B47 771 1238 12B4 835 L4
1975 632 303 0 0 0 o 47 b4y 771 1238 12B4 836 L4
1976 B32 303 4] Q 0 o 47 B4y 771 1238 12B4 836 L4
1977 B32 303 a a 0 o 47 B4y 771 1238 12B4 836 L4
1978 B3z 303 0 0 0 o an b4 771 1238 1264 836 b4
1979 632 303 0 0 0 o 47 b4y 771 1238 12B4 8356 L4
1980 632 303 0 0 0 o 47 b4y 771 1238 12B4 836 b4
1937 632 303 4] Q 0 o 47 L47 771 1238 12864 8356 L4
1932 632 303 0 0 0 o 47 b4y 771 1238 12B4 836 b4
1983 632 303 0 0 0 o 47 b4y 771 1238 12B4 836 L4
1934 B32 303 4] Q 0 o 47 B4y 771 1238 12B4 836 L4
1985 632 303 0 0 0 o an B4 771 1238 1264 836 L4
1986 632z 303 4] 0 0 o 47 547 771 1238 1264 8356 b4
1987 632 303 0 0 0 o 47 b4y 771 1238 12B4 8356 L4
1988 632 303 Q ad 0 o 47 L47 771 1238 12864 836 L4
1989 832 303 4] Q 0 o 47 L47 771 1238 12864 8356 L4
1990 632 303 0 0 0 o 47 b4y 771 1238 12B4 836 b4
1997 .32 303 4] Q 0 o 47 B47y 771 1238 12B4 835 L4
1992 B32 303 4] Q 0 o 47 B4y 771 1238 12B4 836 L4
1993 632 303 0 0 0 o an B4 771 1238 1264 836 L4
1994 B32 303 4] a 0 o 47 B47y 771 1238 12B4 836 L4
1995 632 303 0 0 0 o 47 b4y 771 1238 12B4 836 b4
1996 6832 303 4] Q 0 o 47 L47 771 1238 12864 8356 L4
1997 632 303 0 0 0 o 47 b4y 771 1238 12B4 836 b4

Mean

1984-97 6.3 3.0 0.0 0.0 0.0 0.0 47 55 77 12.4 125 8.4 5.0
1963-80 6.3 3.0 0.0 0.0 0.0 0.0 47 55 77 12.4 125 2.4 5.0
195597 6.3 3.0 0.0 0.0 0.0 0.0 47 55 77 12.4 125 3.4 5.0
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Cheyenne River at Buffalo Gap Without Reservoir (Flow Through)

Res min adjinflow + Fall R. + Beaver Cr. + Beaver Cr.return + Ungaged Trib minus Res Evap pass thru- ET
Year Oct Moy Dec Jan Feb Mar Apr t ay Jun Jul Aug Sep Mean
1966 4129 4674  b4b0 5549 6446 32282 91683 338593 29358 4660 L0427 31186 0 2497
1966 39.21 4921 11815 8659 8982 18564 6634 18524 19943 18K8 4102 2312 914
1967 3140 bBBE93 6535 6111 8070 129b2 16387 1BB9BT 6BB435 14709 130.91 B212 2610
1968  B824  T71b2 B382 BT 8165 13594 23264 4821 14062 96293 28119 2606 1791
1968 3769 4977  BB3I Bb93  BB29 1777 B813  b6EZ 21603 14817 1068 3249 779
1960 4002 BBE.OT 6008 6236 6989 20349 5322 4324 10018 2074 1036 2122 B1.7
1961 3146 4673 BB8T 6022 B92E 6470 4372 4186 3672 7898 3864 2261 48 6
1962 3706 4937  bB417  b429 146894 16086 4307 213419 291672 140675 12186 2086 b966
1963 7040  B327  b284  BBOG0 20777 18199 11963 17704 80745 10481 1490 12754 1647
1964 4186 5391 b436 B378 64356 8524 13970 10348 48085 BYTFO 1117 22863 974
19656 3234  bB1bB2  B3SY 6782 THO4 13266 13165 BOGSY 101605 SBO20 4386 4298 2092
1966 9742  bObBY  bB984 6182 7334 S8BESBT 13806 33bB6 2340 24099 31968  55bB0 1248
1967 9421 977 6075 7489 12641 23582 13168 22602 2b1692 36B30 1386 4163 3288
1968 3980 6946  B68BY 724 9870 16635 17369 9870 BBYET 12044 11944 BET4 1461
1969 3814 bBOBT b4b2  B1BEE 6949 22790 11784 12789 11611 94479 1981 2302 1B
1970 4365 b720 6392 5380 10234 1BH94 16019 119b4 2042 1244 2422 2673 708
1971 b38b  bB88B  B732  BB32 11988 17624 41687 162723 106009  34.36 832 398b 2999
1972 65.21 83.81 7126 B7891 16165 3B461 70T 710 12869 3641 4507 2194 973
1973 5392 6417 b9sE 6444 8233 1B328 17699 404897  b96T 13403 2732 20489 1313
1974 7287 7971 7276 19674 21601 16010 20401 3324 28B2 1178 3302 1875 927
1975 89812 7426 bbV8  58G4 BBHY9 21612 27563 9240 14238 L5740 1846 2450 928
1976 3275 4744 F029 6309 9228 14230 813 8987 27147 b31b  BOVE 2472 86.2
1977 3793 4907 b494 bB549 6420 10810 13665 4136 B363 6246 4124 8078 65 .4
1978 6303 bBO18 6286 6116 61890 90212 10987 259602 3B3.91 BOSS81 30614 30106 4261
1979 51.31 BBO6 6943 6700 6181 29649 18432 TF295 7369 16804 34049 2743 121B
1980 3931 B746  B461 6614 28045 20498 11182 4328 3709 923  78b8 1443 876
1981 3896 BEBS 7172 7464  77bT  B1.21 4010 BB26 2195 21488 16893 2691 749
1982 B6.01 B6.00  B8BO  BB30 10433 128682 6338 34844 81441 13668 18710 11300 1770
1983 13060 7860 6788 8346 18664 13823 12835 18286 10460 B627  F980 18898 1046
1984 6385 6913 6039 7187 185710 36803 18841 69404 354454 3381 4407 5626 1795
1986 B8B83 7079 6112 B916 6437 17411 6334 3104 2699 4873 B916 4006 B3.0
1986  BB12  BB3S  B119  B6BES 192B5 48494 42925 24737 82417 16268 1308 1BBSY 2282
1987 24672 7247 B330 7366 17169 60687 23866 17941 14669 1686 1709 5429 1BEG6
1988 4014 6328 B3B3 BBV 7227 10851 49386 B7YY 2036 2894 4067 4033 538

989 3677 bB43  B3.31 BB.OE  BOBY 11379  B351 B463 2488 2790 1319 11482 57k

990 4178 B377 6321 B34 7884 1B298 9077 11826 4780 b4T2 3778 2923 599

991 46 61 58969 B828 bYBD 7733 8377 7015 184806 1BBY9BS 6165 1290 26712 330b

992 4408 6932 6270 645b 8737 8613  bBOI 3748 539 B8.0b 3152 3403 579

993 40893 b6 5755 B9Yb 6324 b3bzd4 36718 22788 38201 33238 16572 5200 1942
994 7373 bbO8 B434 790 17226 6226 9920 7138 2685 2117 31.05 2623 1144
296 7187 b397 7069 8419 14082 12216 99898 37884 H1438 V2B2 3244 3906 1401
996 6368 862D ©6Bb26 7123 13bV6 26833 20040 46796 27263 2338 G673 6263 1487

1997 7058 8bL97 YBT3 13402 74872 70796 42322 41142 59351 212718 13149 4438 3033
1955-97 Predicted Flow Through

Mean 57.3 B1.3 62.8 639 1225 2418 1668 3766 4241 178.2 878 549 168k
Max 246.7 862 1131 1967 7487 8021 916.8 269B0 29167 14067 bBO43 3119 b9Eb
90th 736 77T 711 827 1912 B2B2 3489 13606 9777 SB43 2624 114B 3026
75th 63.8 69.4 65.3 1B 1438 2824 1864 3636 B39 1BE3 1206 482 1868
B0th 441 575 B0.7 61.8 823 1663 1283 1195 1467 62& 41.0 336 1248
25th 39.2 545 B6.8 53.1 7.0 1311 63.2 57.1 538 3449 191 246 82.0
10th 36.8 492 54.4 556 618 906 53.8 415 25.1 19.0 129 214 619
Min 314 467 528 538 B5.3 612 40.1 31.0 204 9.2 83 1838 48 6
STD 35.4 107 98 239 1102 1865 1b42  B99T  BI1BO 2816 1086 628 1110
Adjusted surmmary statistics for predicted 1955-87 flows under current operating scenario

Mean 79.9 728 706 60.& 796 1338 99.7 2621 3826 1295 B8.8 714 1268
M 4163 1662 1682  146b 2839 7366 4339 2476k 29608 13121 2547 1635  47b 6
90th 89.4 985 884 769 1207 2271 1927 7332 9468 2333 716 748 2BB2
75th 716 699 B6.4 551 B4 1276 1272  187b 4368 896 B3.6 717 1446
50th 58.7 B7.0 B4.2 b3.2 B1.7 B55 57.8 747 B9.2 59b 556 693 96.9
25th 55.6 641 B2.1 51.7 b9h 587 516 509 b4.4 4749 523 65 .6 594
10th 51.6 B2.9 B0.8 50.7 581 5649 48.6 45.0 506 453 503 B3.7 575
Min 576 607 b9y 478 bE.3 531 441 457 475 412 482 60.8 558
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Cheyenne River above resenvair water year (cfs)

1

“Year

53-97
b5-97
bb-72
84-97
£3-80

2 3
EdgemontHat Cr.
724
103
.7
382
95.2 305
101 233
58.1 123
205 133
144 305
437 7.86
109 547
102 15.4
24.3 9.89
16.4 277
1249 1.31
434 219
99.7 1.7
55.3 5.78
141 18.4
B4 15.4
118 1z
495 51.3
104 5.82
307 3
212 314
41.4 318
501 137
24 121
38 1.27
377 5.02
272 061
309 16.6
85.2 2.78
45.4 £.35
385 0.3
86.7 25
5449 922
103 226
17.7 1.47
101 401
888 128
12 164
236 016
316 0.29
184 431
13 066
94.2 343
63 616
5349 11.4
1.8 111
955 285
81.61 16.43
8357 16.59
100,11 2252
E8.51 15.31
86.73 8.82

4

5

Cascade HotSp.

19.62
1962
19.62
19.62
19.62
19,62
1962
19.62
19.62
1962
19,62
1962
19.62

16.4

19.62
19.62

19.58
19,58
19.62
19.29
18.580

160
145
154
756
174
153
86.5
605
220

il
194
142
47.8
331
309
453
125
773
185
997
283
100
139

57
258
849

137.49
144.48
144.48

ERR
13473

g

Horse +

HorseheaiRunoff

£.42
0.015
293
575
014
n.00z

26.3
0.1
1.3
287
382
1.27
138

7.21
7.21
ERR
7.21
ERR

3322
2453
11.26
12.47
3322
5.90
6241
15.00
§.35
-0.24
-2.00
22.84
10.54
3.40
18.62
15.00
131.54
58.31
V.06
0.04
34.30
0.26
12.95
11.02
-2.08
368
-2.84
16.45
-0.22
4.08
-3.22
26.58
7.55
2369
-1.80
44.80
11.86
-1.60
-3.38
-3.23
48.42
-2.78
37.80
385
1018
9.81
30.80

16.24
16.44
2359
14.89

706

10 1
Below Dam
River  Canal
184.00
143.00
173.00
266D
288
99.90
9590
11.60
EE10 441
£4.43 76189
8412 GR.40
5071 80.34
2292 .72
1.4 4867
0.a3 1673
40711 h0.47
G7.45 5E3
3499 G416
88.76 4877
17.41 RB.77
193.00 5075
2470 5296
G0.25 G485
209 R7R2
183.94 5711
348 k836
5.04 G3.05
2862 GE.92
1.35 5946
118 L2956
118 ERED
261.24 G278
272 5318
24.80 £9.83
120 7218
2593 4878
2842 hE.42
8545 bE.28
1.20 GE.79
£4.99 4605
8E.06 5489
250 5098
217 3374
5.44 3540
181.97 4287
117 4878
47.00 46.74
G651 G0.24
3213 5213
47 5B 57.29
174.28 3813
530 5R.80
58.25 5580
7493 5718
5703 L0116
498.49 EOE3

12

Total Out
184.00
143.00
173.00

266D
288
99.90
9590
11.60
110.1
14062
14963
131.05
104.64
k008
1786
457 68
12276
7415
134563
7618
24378
7766
12510
59.E1
241.05

112.33
115.06
1321
107.20
1oz

13 14 15 16
ECK Content
Outminus  Storage  Storplus Annual
Hot Spr. (cfs) (kaf)
24.00
4.00
14.00
-49.00 373 -45.27 27
-171.12 13164 -39.48 979
-63.10 23.23 -29.87 1147
740 -48.67 -41.27 2315
-48.490 -5.28 -54.15 78.7
-109.79 8366 -26.13 136.2
69.62 -90.02 -20.40 1.1
-44.47 51.71 7.24 1085
-10.95 -2.21 -13.16 106.9
56.54 -66.10 -4.26 591
16.98 -18.94 -1.98 45.4
-13.34 249 -10.85 47.2
458 94.30 98.88 1154
-2.24 -3.04 -5.28 1132
=315 -20.60 -23.75 98.3
-50.47 28.07 -22.40 1186
-2352 4.0 -19.51 1215
-39.25 -26.13 -65.39 1026
-22.34 6.91 -15.43 107.6
-13.40 Al -21.09 1024
2,61 -26.03 -22.42 843
-16.95 9.40 -7.55 9.1
-23.07 263 -20.44 93
21.43 1085
-43.56 77
-1 76.2
014 76.3
-20.149 B1.7
76.05 116.7
-0.14 116.6
-45.08 84
-28.48 634
5631 103.4
-18.11 90.3
-6.91 85.3
-37.06 B85
61.95 103.3
-28.72 847
-39.13 B6.4
-6.36 51.8
0.83 524
54.48 91.8
-25.30 735
51.02 1104
-46.46 76.8
10.92 84.7
-0.83 841
3319 1081
-13.22 -0.20 -14.72 8.30
-12.38 1.04 -11.08 8.80
-12.38 133 -11.05 95.69
ERR 176 ERR 80.13
-12.83 -2.72 -17.87 90.65
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17

Change
(kaf)

27
95.2
16.8

-35.2
-3.8
ED5
-B5.1
374
-1.6
-47.8
-137

EG.2
-2.2
-148
203
29
-18.8

5.2
-181
6.8

155
-3
-0.8
01
1486

-0.1
-326
-206

-131
a5
-26.8
448
-186

394

-0.15
0.75
0.96
1.27

-1.97

18

72.70
54.40
52.53
6662
59.35
26.30
5517
28.17
17.61

1.73

-76.04
15.52
27.14
41.02
34.51

196.93
73.74
28.15
22.46
41.55
20.70

3713
3454
3454
ERR
28 29

19

2638
2492
2492
ERR
28 29

20

Fies. Ad).
UnaccountUnknown  Inflow

1138
bE.g
20949
£1.0
2104
1438
45.4
384
2549
hE0.E
132.4
G5.5
174.2
90.8
220.3
959
128.0
440
260.8
728
1031
G3.6
65.5
63.0
445
3848
97.0
61.7
4539
1415
79.2
145.2
387
184.3
125.4
328
J6.6
45.8
288.0
3BE
154.2
903
105.3
114.2
260.3

123.98
125.78
143.51
118.54
116.82

21

E/S

f6.56
5043
16.07
10.45
912
14.595
9.86
7.25

.74
12.70
11.598
11.56
10.64

11.37
10.08
9.40
10.37
.38
10.59
11.61
8.77
8.75
7.93
477
10.21
12.14
3.98
10.45
11.43
10,33
7.80
11.35
10,18
3.41
7.08
717
8.67
9.83
9.47
9.99
10.07
10,18
13.73

11.55
9.68
10.08
9.59
.41



Colurmn

ear

Edgemont recorded streamflow (Wears 1947-37)

Hat Creek recorded streamflow (wears 1951-97)

Cascade Springs recorded streamflow (vears 197 7-95)

Chewenne River nr Hot Springs recorded streamflow (wears 1347-72)

Chewenne River nr Hot Springs minus Edgemont recorded streamflow (wears 1947-72) (Column 5 minus 23
Chesvenne River nr Hot Springs recorded streamflow minus LIS flow (vears 1347-72) (Column 5-2-1.5X 3 - 41 1.5%3 = ungaged flow
Horsehead Creek at Oelrichs recorded streamflow (vears 1954-97)

Hoarsehead Creek plus runoff (Fegression with Hat Creek) (2.08=(-1.72+(.58=Calumn 317
10 Riwver release below Dam (1947-97)

11 Canal release below Dam (13955-37)

12 Total out below Dam (Column 10+11)

13 Total out minus Chewenne River nr Hot Springs (Column 12-5)

14 Reservair Starage (cfs) (Column 17=1.000/723.2)

15 Reservoir Starage plus difference (Caolumn 14+13)

16 Recorded EOR content annual minus dead content of 8.600 AF ~vears 1950-97)

17 EOM change in content (Annual difference in column 16)

18 Unaccounted flows (Colurmn 9-15)

19 Unknown (Column 5-9-12-1 43

20 Reservoir adjusted inflow is the inflow used for the AGRADQF Madel

21 E/S is Reservoir evvaporation and seepage (Calumns 20-12-14)

[ o N T O R TR L )

Hat Creek ws. Horsehead Cresk Edgemontws. Horsehead
Fegression Output: Fegression Output:
Constant -1.7173 Constant -3.0084
Std Err of v Est 3.71768 Std Err of v Est 5. 53966
R Sqguared 0.865492 R Squared 0.69016
Mo, of Observations 14 Mo, of Observations 10
Degrees of Freedom 12 Degrees of Freedom g
= Coefficient(s) 053353 # Coefficient(s) 016373
Sid Err of Coef. 006628 Std Err of Coef. 003879
inflows -
“r'ear Inflows  Total Out Ciut Dff

1954 171.72 141.73 29.99

1985 40.54 B7.99 -27.45

1986 243.29 111.04 132.25

1987 141.32 140.96 0.36

1988 34.35 G3.48 2912

1989 4214 359 G.24

19490 50.54 40.54 10.00

1991 32202 224.84 718

1992 32.23 50.95 -18.72

1993 18557 93.73 91.83

1994 H96.654 126.75 -30.11

1995 10357 8426 19.30

1996 110.72 104.85 5.87

19497 186.71 213.41 -26.70

hdean 125.83 107.20 15.64
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Cheyenne River below reservair [cfs)

1 Z 3 4 b b 7 B
Horse + Ungaged Below Dam Fall River Beawver CR  Beawver
Year Funoff Inifl oo Fiver Canal Feturn
1965 7.0k /.48 B0.25 E4.85 224 h.EY 21k
1970 0.04 0.05 2.04 RYR2 21.2 b3 1.74
1971
1972 0.2k 0.24 3.48 5E.35 21.7 /.83 1.0
1973 12.95 14.63 5.04 k3.0% 21.4 k.5Y 1.71
1974 11.02 12.45 2862 kG892 204 5.4k 227
1975 -2.05 -2.31 1.35 RY.46 215 714 1.43
1976 368 416 1.18 RZ.HB 21 k.26 1.87
1977 -2.84 -3.21 1.18 RA.RY 215 6.1 1.95
1973
1974 0.77 0.87 2752 B9.18 22.3 74 1.05
1380 h.08 B/ 24.75 B4.83 21.2 hA 2.05
1969-80 360 407 1585 BO.77 21.61 k.54 1.73
1 Year

¢ Horsehead Creek plus runoff (Regression with Hat Creek) (Column 3 from previous sheet)

3 Ungaged flow below resersoir [ Column 2:1.13)
4 River release below Dam
5 Canal release below Dam
B Fall River recarded streamflow
7 Beawver Creek recorded streamflow
o Beaver Creek estimated return flow
3 ET below Dam to Red Shirt
10 Cheyenne River at Buffalo Gap recorded flow
11 Estimated return flow (Column 3+10-(3+4+6+7+8)
12 Percent return flowr of canal release from Reservair (Column 11/5)
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q
ET

10
10

10
10
10
10
10
10

10
10

10.00

10
Buffalo
Gap
131
E3.2

i
/6.4
91.8
592
BB.5
B35

9.7
76

78.23

11
Estimated
Feturm
4z2.02
46.60

47 51
3353
J2.04
40.04
32.03
41.95

420k
2h.3b

35.44

12

percent
B4.80%
§1.01%

81.60%
B3.18%
47 96%
b7 43%
BO.47 %
7hhZ%

71.07%
37.78%

B4.08%
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